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President’s Message 


Dear Customer: 

The exciting future of memory applications is limited only by 
ourcollective abilities to make use of the continuing stream of 
rapid technological advances. Annual consumption of 
semiconductor memory components has already surpassed a 
billion dollars per year and will soon cross the two billion 
dollar level. Years ago National established the reputation as 
a high volume supplier of high quality, cost-effective com- 
ponents forthe complete range of discretes, linears, optoelec- 
tronics, transducers, A/D and D/A, hybrids, large scale inte- 
grated memory, microprocessor and logic arrays. We are 
pleased to continue our expansion of this broad product line 
to include the memories you will require in the future. 

National is leading the way to higher density memories and 
we are the innovators of “the system environment approach to 
memory component testing’’.* 

Our world-wide network of factory representatives, local 
stocking distributors, and field applications engineers is at 
your service to help meet your needs — just give any of them a 
call. 

We appreciate your interest in National’s products and ser- 
vices, and look forward to supplying your present and future 
requirements. 



President 



Referto the following page. 




MST^"" Program 

TheSystem Environment Approac 
Memory Component Testing 


The Memory System Test (MST) program is de- 
signed to provide our customers with mainframe 
memory components that have already been 
through the test/temperature processing that the 
user normally implements at the board level. 

This program assures memory components of sig- 
nificantly better quality and higher reliability than 
that achieved by the usual approach to memory 
component testing. MST processed components 
have experienced board level environmental testing 
over the temperature range of 25‘C to 70°C.The 
parts are tested 4 separate times with 4 different 
test set-ups and 3 kinds of testers (this includes the 
final QA electrical testing) which also contributes 
to the increased quality. 

Specifying MST processing offers you the 
following: 

■ Provides parts that have already operated in a 
system environment within system margins at 
maximum operating temperature 

■ Simplifies system checkout and shortens card 
burn-in/test 

■ Eliminates inventory throughput time at incom- 
ing test or at independent test laboratories 

■ Eliminates inventory cost and throughput time 
at board test and reduces inventory cost and 
throughput time at system test 


■ Eliminates the need for additional burn-in and 
testing at independent test laboratories 

■ Reduces board rework 

■ Reduces field failures and equipment downtime 

■ Provides soft error detection during component 
processing 

■ Increases reliability 

The result is you get higher quality at lo wer cost. 

Present Capability 

The MST process can be specified for all of the 
mainframe dynamic RAMs manufactured by 
National. Tooling exists for the memory com- 
ponents listed here at the time of this printing. 


Part No. 

MM5298 

MM5290 

NMC5295 

NMC4164 


Organization 

8k x1 
16k x1 

16k X 1 (5V only part) 
64k X 1 (5V only part) 


How to specify MST 

Contact your local NSC Representative or Sales 
Office fora full briefing on youroptions. 


MST^ivi Program The System Environment Approach to 
Memory Component Testing 
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DS8T26AM 4-Bit Bidirectional Bus Transceiver 9-26 
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DS16177Quad TRI-STATE® MOS Memory I/O Register 9-20 
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DS36149 Hex MOS Driver 9-24 
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IDM29705 16-Word by 4-Bit Two-Port RAM/Register File. 3-15 
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IDM29705A 16-Word by 4-Bit Two-Port RAM/Register File 3-15 

INS82851 Bubble Memory Controller 4-4 

MM1702A 2048-Bit (256 x 8) UV Erasable PROM 5-1 

MM2102A Family 1024-Bit (1024 x 1) Static RAMs 1-3 

MM2102AL Family 1024-Bit (1024 x 1) Static RAMs 1-3 

MM2114 Family 4096-Bit (1024x4) Static RAMs. 1-6 

MM2114L Family 4096-Bit (1024x4) Static RAMs 1-6 

MM2147 Family 4096 x 1 Static RAMs. 1-10 

MM2147L Family 4096 X 1 Static RAMs 1-10 
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MM4204 4096-Bit (512 X 8) UV Erasable PROM 5-41 
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MM5203 2048-Bit (256 x 8 or 512 x 4) UV Erasable PROM 5-36 

MM5204 4096-Bit (512 X 8) UV Erasable PROM 5-41 

MM5204-1 4096-Bit (512 x 8) UV Erasable PROM 5-46 

MM5213 2048-Bit (256 x 8 or 512 x 4) ROM 7-1 

MM5214 4096-Bit (512x8) ROM 7-3 

MM5220 1024-Bit (128 X 8 or 256 x 4) ROM 7-5 

MM5221 1024-Bit (128 X 8 or 256 X 4) ROM 7-9 

MM5230 2048-Bit (256x8 or 512x4) ROM 7-13, 

MM5231 2048-Bit (256x8 or 512x4) ROM 7-17 

MM5232 4096-Bit (512 x 8 or 1024 x 4) ROM 7-21 

MM5240 2560-Bit Static Character Generator 7-24 

MM5240AA American and European Character Fonts 8-39 

MM5240AE American and European Character Fonts 8-39 

MM5241 3072-Bit (64x6x8) ROM 7-27 

MM5241ABL American and European Character Fonts 8-39 

MM5257 Family 4096-Bit (4096x1) Static RAMs 1-15 

MM5257L Family 4096-Bit (4096 x 1) Static RAMs 1-15 

MM5280 4096-Bit (4096 x 1) Dynamic RAM 1-49 

MM5280-5 4096-Bit (4096 x 1) Dynamic RAM 1-53 

MM5290 16,384-Bit (16,384x1) Dynamic RAM 1-55 

MM5298 8192-Bit (8192x1) Dynamic RAM 1-61 

MM52116 (2316E) 16,384-Bit Read Only Memory 7-30 

MM52116FDW Character (Generator. 8-43 

MM52116FDX Character Generator 8-43 

MM52132 32,768-Bit (4096 x 8) MAXI-ROM™ 7-33 

MM52164 65,536-Bit (8192 X 8) MAXI-ROM™ 7-36 

MM52264 MAXI-ROM™ 65,536-Bit Clocked Read Only Memory 7-39 

M M54C89 64-Bit (16x4) TRI-STATE® RAM 2-1 

MM54C200 256-Bit (256 x 1) TRI-STATE® RAM 2-5 

MM54C240 (Inverting Outputs) Octal Buffers and Line Drivers 
with TRI-STATE® Outputs 9-27 




Alpha-Numerical Index (Continued) 

MM54C244 (Non-Inverting Outputs) Octal Buffers and Line Drivers 

with TRI-STATE® Outputs 9-27 

MM54C373 TRI-STATE® Octal D-Type Latch 9-28 

MM54C374 TRI-STATE® Octal D-Type Flip-Flop 9-28 

MM54C910 256-Bit (64 X 4) TRI-STATE® RAM 2-8 

MM54C920 1024-Bit (256x4) Static RAM 2-12 

MM54C921 1024-Bit (256 x 4) Static RAM 2-12 

MM54C929 1024-Bit (1024 X 1) Static RAM 2-19 

MM54C930 1024-Bit (1024 X 1) Static RAM 2-19 

MM54C989 64-Bit (16x4) TRI-STATE® RAM....- 2-26 

MM74C89 64-Bit (16 x 4) TRI-STATE® RAM , 2-1 

MM74C200 256-Bit (256 x 1) TRI-STATE® RAM 2-5 

MM74C240 (Inverting Outputs) Octal Buffers and Line Drivers 

with TRI-STATE® Outputs 9-27 

MM74C244 (Non-Inverting Outputs) Octal Buffers and Line Drivers 

with TRI-STATE® Outputs 9-27 

MM74C373 TRI-STATE® Octal D-Type Latch. 9-28 

MM74C374 TRI-STATE® Octal D-Type Flip-Flop 9-28 

M M74C910 256-Bit (64 X 4) TRI-STATE® RAM 2-8 

MM74C920 1024-Bit (256 x 4) Static RAM 2-12 

MM74C921 1024-Bit (256 x 4) Static RAM 2-12 

MM74C929 1024-Bit (1024 x 1) Static RAM 2-19 

MM74C930 1024-Bit (1024x1) Static RAM. 2-19 

MM74C989 64-Bit (16 x 4) TRI-STATE® RAM 2-26 

NBM2256 Bubble Memory 4-5 

NMC2114A 4096-Bit (1024x4) Static RAM 1-20 

NMC2114AP 4096-Bit (1024x4) Static RAM 1-20 

NMC2141 4096-Bit (4096 x 1) Static RAM 1-24 

NMC2142A 4096-Bit (1024 x 4) Static RAM 1-28 

NMC2142AP 4096-Bit (1024x4) Static RAM 1-28 

NMC2148 1024 x 4 Static RAM 1-32 

NMC2148L 1024x4 Static RAM 1-32 

NMC2532 32k-Bit (4k x 8) UV Erasable PROM 5-49 

NMC2564 64k-Bit (8k x 8) UV Erasable PROM 5-54 

NMC27C16 16,384-Bit (2048x8) UV Erasable CMOS PROM 5-55 

NMC2724 16k-Bit (2k x 8) UV Erasable PROM 5-61 

NMC2732 32k-Bit (4k x 8) UV Erasable PROM 5-66 

NMC4164 65,536-Bit (65,536 x 1) Dynamic RAM 1-67 

NMC4864 64k Pseudo-Static Byte-Wide RAM 1-35 

NMC5257A 4096-Bit (4096 X 1) Static RAM 1-24 

NMC5295 16,384-Bit (16,384x1) Dynamic RAM 1-77 

NMC6132 32k Pseudo-Static NMOS RAM 1-42 

NMC6504 4096-Bit (4096 x 1) Static RAM 2-30 

NMC6508 1024-Bit (1024x1) Static RAM 2-37 

NMC6514 4096-Bit (1024 x 4) Static RAM 2-43 

NMC6518 1024-Bit (1024x1) Static RAM 2-49 

NMC6551 1024-Bit (256 x 4) Static RAM 2-55 

NMC6552 1024-Bit (256x4) Static RAM 2-61 




Definition of Terms 


The following selection guides as well as the data sheets in this manual include products that represent the state-of-the-art 
design and processing of semiconductor memories. These devices had not been released to production at the time this book 
was printed. No orders can be placed for these devices without prior approval by National Semiconductor via your locai 
Nationai representative or distributor. These products are in various stages of design and/or pre-production. Sampies may be 
availabie as you read this. Contact your local representative or distributor for up-to-date status on product availability. 

The individual data sheets show the product status at the time of printing. These classification labels are defined as follows: 


Status 

Product Stage 

Specifications 

PREVIEW 

Formative or In Design 

This data sheet contains the design specifications for 
product deveiopment. Specifications may change in any 
manner without notice. 

ADVANCE INFORMATION 

Sampling or Pre-Production 

This data sheet contains advance information and speci- 
fications are subject to change without notice. 

PRELIMINARY 

First Production 

This data sheet contains preiiminary data and supple- 
mentary data will be published at a later date. NSC 
reserves the right to make changes at any time without 
notice in order to improve design and supply the best 
possible product. 
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Proposed Standard Terminology 


Proposed Standard Terminology 


This databook includes a new set of symbols. This new 
format is a proposed industry standard for semiconductor 
memories. It is intended to clarify the symbols, abbrevia- 
tions and definitions, and to make all memory data sheets 
consistent. 

DC Electrical Parameter Abbreviations 

All abbreviations use upper case letters with no sub- 
scripts. The initial symbol is one of these four characters: 

V (Voltage) 

I (Current) 

P (Power) 

C (Capacitance) 

The second letter specifies input (I) or output (O), and the 
third letter indicates the high (H), low (L) or off (Z) state of 
the pin during measurements. Examples: 

VIL— Input Low Voltage 
lOZ— Output Leakage Current 

AC Electrical Parameter Abbreviations 

All timing abbreviations use upper case characters with 
no subscripts. The initial character is always T and is 
followed by four or more descriptors. These characters 
specify two signal points arranged in a “from-to” se- 
quence that define a timing interval. The two or more 
descriptors for each signal point specify the signal name 
and signal transitions. The format using four descriptors 
is: 

T X X X X 

Signal name from which interval is defined 
Transition direction for first signal 
Signal name to which interval is defined 
Transition direction for second signal 

Signal Definitions: 

A = Address 
D = Data In 
Q = Data Out 
W = Write Enable 
E =Chip Enable 
S = Chip Select 
G = Output Enable 

Transition Definitions: 

H = Transition to High 
L = Transition to Low 

V = Transition to Valid 
X = Transition to Invalid or Don’t Care 
Z = Transition to Off (High Impedance) 




Chip Select access time, TSLQV, the time from Chip 
Select low to Data Out val id, and the time from Chip Select 
low to Data Out active, TSLQX, are shown. 


Timing Limits 

The table of timing values shows either a minimum or a 
maximum limit foreach parameter. Input requirements are 
specified from the external system point of view; e.g., the 
address set-up time is shown as a minimum since the 
system must supply at least that much time. On the other 
hand, responses from the memory are specified from the 
device point of view, e.g., the access time is shown as a 
maximum since the device never provides data later than 
that time. 

Waveforms 

I 

Waveform Input Output 

Symbol 


MUST BE WILL BE 

VALID VALID 



CHANGE WILL CHANGE 
FROM H TO L FROM H TO L 




CHANGE WILL CHANGE 
FROM L TO H FROM L TO H 



DON’T CARE: CHANGING: 

ANY CHANGE STATE UNKNOWN 
PERMITTED 
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MOS RAM Selection Guide 


Size Organization Part No. 



Max Standby 
Supply Current 
Current (mA) (mA) 


65,536 65,536x1 NMC4164-2 

NMC4164-3 
8,192x8 NMC4864 


32,768 4,096 X 8 NMC6132-3 

NMC6132-4 
NMC6132-5 


16,384 16,384x1 NMC5295-2 

NMC5295-3 
NMC5295-4 
MM5290-1 
MM5290-2 
MM5290-3 
MM5290-4 


8,192 8,192x1 MM5298A-2 

MM5298A-3 
MM5298A-4 
MM5298B-2 
MM5298B-3 
MM5298B-4 


MM2147 

MM2147-3 

MM2147L 

MM2147L-1 

NMC2141 

NMC5257A 

MM5257 

MM5257L 

MM5257-2 

MM5257-2L 


4,096 4,096X1 MM5257-3 

MM5257-3L 
MM4280 
MM5280 

MM5280-5 

1,024x4 NMC2148 

NMC2148-3 
NMC2148L 
NMC2142A 
NMC2142AP 
NMC2114A 
NMC2114AP 
MM2114 
MM2114L 
MM2114-2 
MM2114-2L 
MM2114-3 
MM2114-3L 


1,024 1,024x1 MM2102A 

MM2102A-L 
MM2102A-2 
MM2102A-2L 
MM2102A-4 
MM2102A-4L 
MM2102A-6 
MM2102A-6L 


C = 0"C to70'C 
l= -40'C to +85*C 
See Definition of Terms 


Dynamic 

45 

4 

Dynamic 

45 

4 

Pseudo-Static 

40 

6 

Pseudo-Static 

40 

25 

Pseudo-Static 

40 

25 

Pseudo-Static 

40 

25 

Dynamic 

35 

4 

Dynamic 

35 

4 

Dynamic 

35 

4 

Dynamic 

40 

1.5 

Dynamic 

40 

1.5 

Dynamic 

40 

1.5 

Dynamic 

40 

1.5 

Dynamic 

40 

1.5 

Dynamic 

40 

1.5 

Dynamic 

40 

1.5 

Dynamic 

40 

1.5 

Dynamic 

40 

1.5 

Dynamic 

40 

1.5 


160 

180 

20 

30 

Static 

140 

10 

Static 

140 

10 

Static 

120 

15 

Static 

120 

120 

Static 

* 90 

90 

Static 

65 

65 

Static 

90 

90 

Static 

65 

65 

Static 

90 

90 

Static 

65 

65 

Dynamic 

60 

= 0 

Dynamic 

60 

= 0 

Dynamic 

60 

= 0 

Static 

160 

20 

Static 

180 

30 

Static 

140 

10 

Static 

50 

50 

Static 

15 

15 

Static 

50 

50 

Static 

50 

15 

Static 

100 

100 

Static 

70 

70 

Static 

100 

100 

Static 

70 

70 

Static 

100 

100 

Static 

70 

70 



Supply 

Voltage Pkg Status** 

(V) 


C Preview 

C Preview 

C Preview 

C Preview 

C Preview 

C Preview 

C Advance Info 

C Advance Info 

C Advance Info 

C Production 

C Production 

C Production 

C Production 

C Production 

C Production 

C Production 

C Production 

C Production 

_C Production 

C Production 

C Production 

C Production 

C Production 

C Preview 

C Preview 

C Production 

C Production 

C Production 

_C Production 

C Production 

C Production 

I Production 

C Production 

_C Production 

C Preview 

C Preview 

C Preview 

C Preview 

C Preview 

C Preview 

C Preview 

C Production 

C Production 

C Production 

C Production 

C Production 

_C Production 

C Production 

C Production 

C Production 

C Production 

C Production 

C Production 

C Production 

C Production 


:5, +12 22 

:5, +12 22 

:5, +12 22 

+ 5 18 
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MOS RAM Selection Guide 



































CMOS RAM Selection Guide 


CMOS RAM Selection Guide 


Size 

Organization 

Part No. 

Max 
Supply 
Current (mA) 

Standby 

Current 

(nA) 

Max 

Access 

Time 

(ns) 

Supply 

Voltage 

(V) 

Pkg 

Temp* 

Range 

Status** 

4,096 

4,096 X 1 

NMC6504-9 

7 

50 

320 

+ 5 

■a 

1 

Preliminary 



NMC6504-5 

7 

500 

370 

+ 5 

■9 

C 

Preliminary 


1,024x4 

NMC6514-2 

7 



+ 5 

18 

M 

Preliminary 



NMC6514-9 

7 



+ 5 

18 

1 

Preliminary 



NMC6514-5 

7 

500 


+ 5 

18 

C 

Preliminary 

1,024 

1,024x1 

NMC6508B-2 

4 

10 

180 

+ 5 

16 

M 

Production 



NMC6508-2 

4 

10 

250 

+ 5 

16 

M 

Production 



NMC6508B-9 

4 

10 

180 

+ 5 

16 

1 

Production 



NMC6508-9 

4 

10 

250 

+ 5 

16 

1 

Production 



NMC6508-5 

4 

100 

310 

+ 5 

16 

C 

Production 



MM54C929 

4 

20 

265 

+ 5 

16 

M 

Production 



MM74C929 

4 

10 

240 

+ 5 

16 

1 

Production 



MM74C929-3 

4 

100 

315 

+ 5 

16 

1 

Production 



NMC6518B-2 

4 

10 

180 

+ 5 

18 

M 

Production 



NMC6518-2 

4 

10 

250 

+ 5 

18 

M 

Production 



NMC6518B-9 

4 

10 

180 

+ 5 

18 

1 

Production 



NMC6518-9 

4 

10 

250 

+ 5 

18 

1 

Production 



NMC6518-5 

4 

100 

310 

+ 5 

18 

C 

Production 



MM54C930 

4 

20 

265 

+ 5 

18 

M 

Production 



MM74C930 

4 

10 

240 

+ 5 

18 

1 

Production 



MM74C930-3 

4 

100 

315 

+ 5 

18 

1 

Production 


256x4 

NMC6551B-2 


■■ 

MM 


22 

M 

Production 



NMC6551-2 


mm 



22 

M 

Production 



NMC6551B-9 


HI9 

li^l 


22 

1 

Production 

1,024 

256X4 

NMC6551-9 

4 

10 

300 

+ 5 

22 

1 

Production 



NMC6551-5 

4 

10 

360 

+ 5 

22 

C 

Production 



MM54C921 

4 

20 

275 

+ 5 

22 

M 

Production 



MM74C921 

4 

10 

250 

+ 5 

22 

1 

Production 



MM74C921-3 

4 

100 

325 

+ 5 

22 

1 

Production 



NMC6552B-2 

4 

10 

220 

+ 5 

18 

M 

Production 



NMC6552-2 

4 

10 

300 

+ 5 

18 

M 

Production 



NMC6552B-9 

4 

10 

220 

+ 5 

18 

1 

Production 



NMC6552-9 

4 

10 

300 

+ 5 

18 

1 

Production 



NMC6552-5 

4 

100 

360 

+ 5 

18 

C 

Production 



MM54C920 

4 

20 

275 

+ 5 

22 

M 

Production 



MM74C920 

4 

10 

250 

+ 5 

22 

1 

Production 



MM74C920-3 

4 

100 

325 

+ 5 

22 

1 

Production 


*C = 0“Cto +70"C 
1= -40’C to +85"C 
M = - 55°Cto +125“C 
* * See Definition of Terms 
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MOS EPROM Selection Guide 


Max Standby 

Supply Current 

Current (mA) (mA) 



Organization 

Part No. 

8,192x8 

NMC2564 

4,096x8 

NMC2732 

NMC2532 

2,048x8 

NMC27C16 

MM2716M 

MM2716E 

MM2716 

MM2716-1 

MM2716-2 

1,024x8 

MM2758A 

MM2758A-1 

MM2758B 

MM2758B-1 

MM2708M 

MM2708 

MM2708-1 

512x8 

MM4204 

MM5204 

MM5204-1 

512x4 

MM4203 

MM5203 

256x8 

MM4203 

MM5203 

MM1702A 


*C = 0’Cto +70'C 
1= -40”C to +85"C 
M= -55'Cto +125*C 
* *See Definition of Terms 
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MOS EPROM Selection Guide 












































































Bipolar PROM Selection Guide 


Bipolar PROM Selection Guide 


Size 

Organization 

Package 

Part Number 

Maximum 

Supply 

Current 

(mA) 

Maximum 

Access 

Time 

(ns) 

Temp* 

Range 

Status** 

16,384 

2kx8 

OC 


DM77S190 

185 

100 

M 

Preliminary 



OC 


DM87S190 

175 

80 

C 

Preliminary 



TS 

24 

DM77S191 

185 

100 

M 

Preliminary 



TS 

24 

DM87S191 

175 

80 

C 

Preliminary 

8,192 

2k X 4 

OC 

18 

DM77S184 

140 

75 

M 

Production 



OC 

18 

DM87S184 

140 

60 

C 

Production 



TS 

18 

DM77S185 

140 

75 

M 

Production 



TS 

18 

DM87S185 

140 

60 

C 

Production 


1kx8 

OC 

24 

DM77S180 


90 

M 

Preliminary 



OC 

24 

DM87S180 


70 

C 

Preliminary 



TS 

24 

DM77S181 

160 

90 

M 

Preliminary 



TS 

24 

DM87S181 

160 

70 

C 

Preliminary 

4,096 

1kx4 

OC 

18 

DM54S572 

140 

75 

M 

Production 



OC 

18 

DM74S572 

140 

60 

C 

Production 



TS 

18 

DM54S573 

140 

75 

M 

Production 



TS 

18 

DM74S573 

140 

60 

C 

Production 


512x8 

OC 

20 

DM54S473 


75 

M 

Production 



OC 

20 

DM74S473 


60 

C 

Production 



TS 

20 

DM54S472 

155 

75 

M 

Production 



TS 

20 

DM74S472 

155 

60 

C 

Production 



OC 

24 

DM54S475 

170 

75 

M 

Production 



OC 

24 

DM74S475 

170 

65 

C 

Production 



TS 

24 

DM54S474 

170 

75 

M 

Production 



TS 

24 

DM74S474 

170 

65 

C 

Production 

2,048 

512x4 

OC 

16 

DM54S570 


65 

M 

Production 



OC 

16 

DM74S570 


55 

C 

Production 



TS 

16 

DM54S571 

130 

65 

M 

Production 



TS 

16 

DM74S571 

130 

55 

C 

Production 

1,024 

256x4 

OC 

16 

DM54S387 


60 

M 

Production 



OC 

16 

DM74S387 


50 

C 

Production 



TS 

16 

DM54S287 

130 

60 

M 

Production 



TS 

16 

DM74S287 

130 

50 

C 

Production 

256 

32x8 

OC 

16 

DM54S188 

110 


M 

Production 



OC 

16 

DM74S188 

110 


C 

Production 



TS 

16 

DM54S288 

110 


M 

Production 



TS 

16 

DM74S288 

110 

35 

C 

Production 



OC 

16 

DM77S188 

140 

20 

M 

Preview 



OC 

16 

DM87S188 

140 

15 

C 

Preview 



TS 

16 

DM77S288 

140 

20 

M 

Preview 



TS 

16 

DM87S288 

140 

15 

C 

Preview 


*C = 0‘C to +70”C 
M= -55'C to +125“C 
* *See Definition of Terms 
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MOS ROM Selection Guide 


Size 

Organization 

Part No. 

Max 
Supply 
Current (mA) 

Max 

Access 

Time 

(ns) 

Supply 

Voltage 

(V) 

Pkg 

Temp* 

Range 

Status** 

65,536 

8,192x8 

MM52164 

130 

450 

+ 5 

24 

C 

Production 



MM52264 

50 

300 

+ 5 

24 

C 

Preview 

32,768 

4,096 X 8 

MM52132 

130 

450 

+ 5 

24 

c 

Production 

16,384 

2,048 X 8 

MM52116 

100 

450 

+ 5 

24 

c 

Production 

4,096 

1,024x4 

MM4232 

37 

1000 

+ 5, -12 

24 

M 

Production 



MM5232 

37 

1000 

+ 5, -12 

24 

c 

Production 


512x8 

MM4214 

37 

1000 

+ 5, -12 

24 

M 

Production 



MM5214 

37 

1000 

+ 5, -12 

24 

C 

Production 



MM4232 

37 

1000 

+ 5, -12 

24 

M 

Production 



MM5232 

37 

1000 

+ 5, -12 

24 

M 

Production 

2,048 

512x4 

MM4213 

35 

850 

+ 5, -12 

24 

M 

Production 



MM5213 

35 

850 

+ 5, -12 

24 

C 

Production 



MM4230 

40 

725 

±12 

24 

M 

Production 



MM5230 

40 

725 

±12 

24 

C 

Production 



MM4231 

30 

950 

+ 5, -12 

24 

M 

Production 



MM5231 

30 

950 

+ 5, -12 

24 

C 

Production 


256x8 

MM4213 

35 

850 

+ 5, -12 

24 

M 

Production 



MM5213 

35 

850 

+ 5, -12 

24 

C 

Production 



MM4230 

40 

725 

±12 

24 

M 

Production 



MM5230 

40 

725 

±12 

24 

C 

Production 



MM4231 

30 

950 

+ 5, -12 

24 

M 

Production 



MM5231 

30 

950 

+ 5, -12 

24 

C 

Production 

1,024 

256x4 

MM4220 

25 

650 

±12 

24 

M 

Production 



MM5220 

25 

650 

±12 

24 

C 

Production 



MM4221 

12 

950 

+ 5, -12 

24 

M 

Production 



MM5221 

12 

950 

+ 5, -12 

24 

C 

Production 


128x8 

MM4220 

25 

650 

±12 

24 

M 

Production 



MM5220 

25 

650 

±12 

24 

C 

Production 



MM4221 

12 

950 

+ 5, -12 

24 

M 

Production 



MM5221 

12 

950 

+ 5, -12 

24 

C 

Production 


*C = 0'Cto +70"C 
M= -55'C to +125"C 
**See Definition of Terms 
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MOS RAM Cross Reference Guide 


Size Org 


65,536 


16,384 16,384x1 




Operation 

Nationai 

Dynamic 

NMC4164 

Dynamic 

NMC5295 

Dynamic 

MM5290 



Intei 

Mostek 

Motorola 

2164 

MK4164 

MCM4164 

2118 

2117 

MK4516 

MK4116 

MCM4116 





18 

Static 

NMC2147 

18 

Static 

NMC2141 

18 

Static 

MM5257 

22 

Dynamic 

MM5280 

18 

Static 

NMC2148 

20 

Static 

NMC2142A 

20 

Static 

NMC2142AP 

18 

Static 

NMC2114A 

18 

Static 

NMC2114AP 

18 

Static 

MM2114 



MBM2147 

HM4847 

2147 

2141 

MB8107 

HM4711 

2107 



2148 

2142 



2114A 

MD8114 

HM2114 

2114 


KHi^ngni iii iaCTni^ T,i.imtki;iW ewi gtrCT i 




TMS4164 


TMS4116 Z6116 


SY2147 

TMS4044 

TMS4060 

SY2114 

TMS4045 



CMOS RAM Cross Reference Guide 


Size Organization Pkg 


4,096 I 4,096x1 


National Nationai 

(Present) (Previous) 




AMi Harris I Hitachi Intersii 


_ _ IffiHSfl l 


NMC6508 

74C929 

56508 

6508 

NMC6518 

74C930 


6518 




6562 

NMC6552 

74C921 


6561 

NMC6551 

74C920 


6551 



55101 

6501 



NEC RCA Synertec Tl Toshiba 


54104 


6508 

5001 

5102 

6508 

5508 



5112 





5111 



5101 

5040 

5101 

"5101 

5501 













































































































MOS EPROM Cross Reference Guide 


Size 


Org 


Pkg. 


National 


AMD 


Fairchild 


Fujitsu 


Hitachi 


Intel 


Mostek 


Motorola 


NEC 


Synertec 


65,536 


8,192x8 


28 


NMC2564 


2564 


32,768 


4,096 X 8 


NMC2532 

NMC2732 


2532 


2732 


16,384 


2,048 X 8 


24 


MM2716 


2716 


2716 


MBM2716 


HN42716 


2716 


MK2716 


MCM2716 


mPD2716 


SY2716 


TMS2516 


8,192 


1,024x8 


MM2758 
MM 2708 


2708 


2708 


MBM8518 


HN462708 


2758 

2708 


MCM2708 


TMS2708 


4,096 


512x8 


24 


MM 5204 


2,048 


512x4 


24 


MM5203 


256x8 


24 


MM5203 

MM1702A 


1702AI 


Bipolar PROM Cross-Reference Guide 


size 

Org 

El 

National 

AMD 

Fairchild 

Harris 

Intel 

Intersil 

MMI 

Signetics 

Tl 

Fujitsu 

16,384 

2kx8 

OC 

Q 

DM87S190 



HM-76160-5 




N82S190 





TS 


DM87S191 



HM-76161-5 

3636 



N82S191 


MB7138 

8,192 

2kx4 

OC 

18 

DM87S184 



HM-7684-5 




N82S184 





TS 

18 

DM87S185 



HM-7685-5 




N82S185 


MB7128 


1kx8 

OC 

El 

DM87S180 



HM-7680-5 

3608 



N82S180 

SN74S479 




TS 


DM87S181 


93451 

HM-7681-5 

3628 


6381-1 

N82S181 

SN74S478 

MB7032 

4,096 

1kx4 

OC 

18 

DM74S572 

AM27S32 


HM-7642-5 

3605 

IM5606C 

6352-1 

N82S136 

SN74S477 




TS 

18 

DM74S573 

AM27S33 


HM-7643-5 

3625 

IM5626C 

6353-1 

N82S137 

SN74S476 

MB7122 


512x8 

OC 


DM74S473 

AM27S28 





6348-1 

N82S146 

SN74S473 




TS 

K»1 

DM74S472 

AM27S29 





6349-1 

N82S147 

SN74S472 




OC 

24 

DM74S475 

AM27S30 

93438 

HM-7640-5 

3604A 

IM5605C 

6340-1 

N82S140 

SN74S475 




TS 

24 

DM74S474 

AM27S31 

93448 

HM-7641-5 

3624A 

IM5625C 

6341-1 

N82S141 

SN74S474 


2,048 

512x4 

ESI 

M 

DM74S570 

AM27S12 


HM-7620-5 

3602 

IM5604C 

6305-1 

N82S130 


MB7058 



M 

Is 

DM74S571 

AM27S13 


HM-7621-5 

3622 

IM5624C 


N82S131 


MB7053 

1,024 

256 x4 


IS 

DM74S387 

AM27S20 


HM-7610-5 


IM5603AC 


N82S126 

SN74S387 

MB7057 



M 

Is 

DM74S287 

AM27S21 


HM-7611-5 


IM5623C 

BSiH 

N82S129 

SN74S287 

MB7052 

256 

32x8 

OC 

IS 

DM74S188 

AM27S18 


HM-7602-5 


IM5600C 

yckgsi 

N82S23 

SN74S188 

MB7056 



TS 

Is 

DM74S288 

AM27S19 


HM-7603-5 


IM5610C 

BSHl 

N82S123 

SN74S288 

MB7051 



OC 

16 

DM87S188 












TS 

16 

DM87S288 
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Section 1 


NMOS RAMS 


NMOS static and dynamic read/write memory devices 
constitute the majority of semiconductor memory 
woridwide consumption. Nationai plays a leadership 
role in this area as a major supplierof products includ- 
ed in this section. In addition to the devices included 
here, National is developing more advanced higher 
density, high speed RAMs for future equipment 
designs. Contact your local National representative 
for further assistance. 







National 

Semiconductor 


MM2102A, MM2102AL Family 
1024-Bit (1024 x 1) Static RAMs 


NMOS RAMs 


General Description 

The MM2102A family of high speed 1024 x 1-bit static 
random access read/write memories is manufactured 
using N-channel depletion-mode silicon gate technology. 
Static storage cells eliminate the need for clocks or 
refresh circuitry and the resultant cost associated with 
them. 

Low threshold silicon gate N-channel technology allows 
complete DTL/TTL compatibility of all inputs and 
outputs as well as a single 5V supply. The separate 
chip enable input (CE) controlling the TRI-STATE® 
output allows easy memory expansion by OR-tying 
individual devices to a data bus. Data in and data out 
have the same polarity. 

In addition to the MM2102A, a low power version, 
the MM2102AL, is also available. This selection offers 


a maximum operating current of 33 mA and a guar- 
anteed standby mode down to a power supply voltage 
of 1.5V. 

Features 

■ Single 5V supply 

■ All inputs and outputs directly DTL/TTL compatible 

■ Static operation— no clocks or refresh 

■ TRI-STATE output for bus interface 

■ All inputs protected against static charge 

■ Access time down to 250 ns 


Block Diagram 



AS A6 A7 A8 A9 


Truth Table 


CE 

R/W 

D|N 

Dqut 

MODE 

H 

X 

X 

Hi-Z 

Not selected 

L 

L 

L 

L 

Write "0" 

L 

L 

H 

H 

Write "1" 

L 

H 

X 

Dqut 

Read 


Connection Diagram 


Dual-In-Line Package 



TOP VIEW 

Order Number: Order Number: 

MIVI2102AJ-2L MM2102AN-2L 

MM2102AJ-2 MM2102AN-2 

MM2102AJ-L MM2102AN-L 

MM2102AJ MM2102AN 

MM2102AJ-4L MM2102AN-4L 

MM2102AJ-4 MM2102AN-4 

MM2102AJ-6L MM2102AN-6L 

MIVI2102AJ-6 MM2102AN-6 

See NS Package J16A See NS Package N16A 

Logic Symbol 
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MM2102A, MM2102AL Family 







MM2102A, MM2102AL Family 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Voltage at Any Pin -0.5V to +7V 

Storage Temperature -65°C to +150°C 

Power Dissipation 1W 

Lead Temperature (Soldering, 10 seconds) 300°C 


Supply Voltage (Vqq) 
Ambient Temperature (T/\) 
Input Low Voltage 
Input High Voltage 


DC Electrical Characteristics 

Ta = 0°C to +70°C, Vcc ~ -5%, unless otherwise specified. 


PARAMETER 


Input Load Current 
Output Leakage Current 
Output Leakage Current 
Power Supply Current 

Power Supply Current 

Output Low Voltage 
Output High Voltage 


CONDITION 


V|N = 0 to 5.25V 
CF = 2V, VquT = 2.4V 
CE = 2V, VquT = 0.4V 

All Inputs = 5.25V, 

Data Output Open, 

Ta = 25°C 

All Inputs = 5.25V, 

Data Output Open, 

ta = o°c 

lOL = 3-2 mA 
I OH = -200 pA 


MM2102A, 

MM2102A-2, 

MM2102A-4, 

MM2102A-6 


MIN MAX 


MM2102A-L, 

MM2102A-2L, 

MM2102A-4L, 

MM2102A-6L 


MIN MAX 


Note 1: "Absolute Maximum Ratings" are those values beyond which the device may be permanently damaged. They do not mean the device 
may be operated at these values. 


AC Electrical Characteristics 

(With standard load) Ta = 0°C to +70° C, Vcc “ 5V ±5% unless otherwise specified. 


PARAMETER 


MM2102A-2, 

MM2102A-2L 


MIN MAX 


MM2102A, 

MM2102A-L 


MIN MAX 


MM2102A-4, 

MM2102A-4L 


MIN MAX 


MM2102A-6, 

MM2102A-6L 


MIN MAX 


READ CYCLE (Figure 1) 


tRC 

Read Cycle 

250 


350 


450 


650 


ns 

'A 

Access Time 


250 


350 


450 


650 

ns 

tco 

Chip Enable to Output 
Time 


100 


150 


200 


200 

ns 

'0H1 

Previous Read Data Valid' 
with Respect to Address 

40 


40 


40 


50 


ns 

10H2 

Previous Read Data Valid 
with Respect to Chip 
Enable 

0 


0 


0 


0 

1 

ns 


WRITE CYCLE (Figure 2) 


twc 

Write Cycle 

250 

tAW 

Address to Write Set-Up 

20 

twP 

Write Pulse Width 

100 

IWR 

Write Recovery Time 

0 

tDW 

Date Set-Up Time 

85 

■ IDH 

Data Hold Time 

0 

tew 

Chip Enable To Write 
Set-Up 

100 























































AC Electrical Characteristics ta = 25 °c, t = i mhz 


AC Test Circuit 

Vcc 


LIMIT (pF) 


symbol 

PARAMETER 

TYP 

MAX 

CAPACITANCE ^ 



C|N 

Input Capacitance (All Inputs V|[\| = OV) 

3 

5 

COUT 

Output Capacitance, Vq = OV 

4 

6 


Note 2: This parameter is guaranteed by periodic testing 

Switching Time Waveforms 




'cw ^ 



s ^ 

3 


V|H— X 
DATA DATA CAN ' 
IN CHANGEy 
V|L • 


FIGURE 1. Read Cycle 


• tow 

I 

DATA STABLE 

FIGURE 2. Write Cycle 


1 


Note (7) : Input reference level for timing is 1 .5V. 

Note @ : Vqh “ 2V is reference level for output high. 

Note (3) : Vql “ 0,8V is reference level for output low. 

Note @ : Input rise and fall times are 10 ns. 


Standby Characteristics ta 7 □'■c to + 7 o°c 


SYMBOL 

PARAMETER 

CONDITIONS 

VPD 

Vcc 'T Standby 


VCES 

CE Bias in Standby 

2<VpD< VcCMAX 

VCES 

CE Bias in Stand-by 

1.5< VpD<2 

IPD1 

Standby Current 

All Inputs = VpD = 1.5V 

IPD2 

Standby Current 

All Inputs = VpD = 2V 

tCP 

Chip Deselect to 
Standby Time 


tR 

Recovery Time 
(Note 4) 



MM2102A, MM2102A-2, 
MM2102A-4, MM2102-6 


TYP(3) 


MM2102A-L, MM2102A-2L 



MAX 

MIN 


1.5 


2.0 


VpD 

28 


38 

0 


tRC 



Note 3: Typical values at T/^ = 25°C. 
Note 4: tf:)= tp)c = read cycle time. 

Standby Waveforms 
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MM2102A, MM2102AL Family 

































MM21H MM2114L Family 




National 

Semiconductor 


NMOS RAMS 


MM2114, MM2114L Family 
4096-Bit (1024 x 4) Static RAMs 


General Description 

The MM2114 family of 1024-word by 4-bit static ran- 
dom access memories is fabricated using N-channel 
silicon-gate technology. All internal circuits are fully 
static and therefore require no clocks or refreshing 
for operation. The data is read out nondestructively 
and has the same polarity as the input data. Common 
input/output pins are provided. 

The separate chip select input (CS) allows easy memory 
expansion by OR-tying individual devices to a data bus. 


Features 

■ All inputs and outputs directly TTL compatible 

■ Static operation— no clocks or refreshing required 

■ Low power— 225 mW typical 

■ High speed— down to 200 ns access time 

■ TRI-STATE® output for bus interface 

■ Common Data In and Data Out pins 

■ Single 5V supply 

■ Standard 18-pin dual-in-line package 


Connection Diagram 


Dual-ln-Line Package 



TOP VIEW 


Order Number MM2114J-25L, MM2114J-25, 
MM21 14J-2L, MM21 14J-2, MM21 14J, MM21 14J-L, 
MM21 14J-3L or MM21 14J-3 
See NS Package J18A 


Order Number MM21 14N-2L, MM21 14N-2, 
MM2114N, MM2114N-L, MM2114N-3L 
or MM2114N-3 
See NS Package N18A 


Logic Symbol 



Truth Table 


CS 

WE 

I/O 

MODE 

H 

X 

Hi-Z 

Not Selected 

L 

L 

H 

Write 1 

L 

L 

L 

Write 0 

L 

H 

DoUT 

Read 
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Functional Description 

Two pins control the operation of the MM21 14. Chip 
Select (CS) enables write and read operations and 
controls TRI-STATING of the data-output buffer. Write 
Enable (WE) chooses between READ and WRITE modes 
and also controls output TRI-STATING. The truth table 
details the states produced by combinations of the CS 
and WE controls. 

READ-cycle timingjs shown in the section on Switching 
Time Waveforms. WE is kept high. Independent of CS, 
any change in address code causes new ^ta to be 
fetched and brought to the output buffer. CS must be 
low, however, for the output buffer to be enabled and 
transfer the data to the output pin. 

Address access time, t/\, is the time required for an 
address cf^ge to produce new data at the output pin, 
assuming CS has enabled the output buffer prior to data 
arrival. Chip Select-to-output delay, tco- 'S the time 


required for CS to enable the output buffer and transfer 
previojjsly fetched data to the output pin. Operation 
with CS continuously held low is permissible. 

WRITE-cycle timing is shown in the section on Switching 
Time Waveforms. Writing occurs only during the time 
both CS and WE are low. Minimum write pulse width, 
twp, refers to this simultaneous low region. Data set-up 
and hold times are measured with respect to whichever 
control first rise^Successive write operations may be 
performed with CS continuously held low. WE then is 
used to terminate WRITE between address changes. 
Alternatively, _WE may be held low for successive 
WRITES and CS used for WRITE interruption between 
address change. 

In any event, either WE or CS (or both) must be high 
during address transitions to prevent erroneous WRITE. 


Block Diagram 
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MM21H MM2114L Family 





MM2114, MM2114L Family 


Absolute Maximum Ratings Operating Conditions 

MIN MAX UNITS 

Voltage at Any Pin -0.5V to -V7V Supply Voltage (Vq^;) 4.75 5.25 V 

Storage Temperature -65 C to +150 C Ambient Temperature (T/^) 0 +70 °C 

Power Dissipation 1W 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics ta = o°c to + 7 o°c, vcc = sv ±5% 

SYMBOL 

PARAMETER 

CONDITIONS 

MM2114 
MM2114-2 
MM21 14-25 
MM2114-3 

. MM2114-L 

MM2114-2L 
MM2114-25L 
MM2114-3L 

UNITS 

MIN 

MAX 

MIN 

MAX 

V|H 

Logical "1" Input Voltage 


2.0 

Vcc 

2.0 

vcc 

V 

V|L 

Logical "0" Input Voltage 


-0.5 

0.8 

-0.5 

0,8 

V 

VOH 

Logical "1" Output Voltage 

IqH = -1.0 mA 

2.4 


2.4 


V 

VoL 

Logical "0" Output Voltage 

IqL = 2.1 mA 


0.4 


0.4 

V 

ILI 

Input Load Current 

V|N = 0 to 5.25V 

-10 

10 

-10 

10 

pA 

Ilo 

Output Leakage Current 

Vo = 4V to 0.4V, ^ = V|H 

-10 

10 

-10 

10 

pA 

icci 

Power Supply Current 

All Inputs = 5.25V, Ta = 25°C 


95 


65 

mA 

ICC2 

Power Supply Current 

All Inputs = 5.25V, T/\ = 0*^0 


100 


70 

mA 

AC Electrical Characteristics ta = o°c to + 7 o°c, vcc = sv +5%, (Note 2) 

SYMBOL 

PARAMETER 

MM2114-2 

MM2114-2L 

MM21 14-25 
MM2114-25L 

MM2114-3 

MM2114-3L 

MM2114 

MM2114-L 

UNITS 

MIN 

MAX 

MIN 

MAX 1 

MIN 

MAX 

MIN 1 MAX 

READ CYCLE 

tRC 

Read Cycle Time (WE = V|h) 

200 


250 


300 


450 


ns 

1A 

Access Time 


200 


250 


300 


450 

ns 

<CO 

Chip Select to Output Valid 


70 


90 


100 


120 

ns 

<CX 

Chip Select to Output Active 

20 


20 


20 


20 


ns 

ICOT 

Chip Select to Output TRI-STATE 

0 

40 

0 

60 

0 

80 

0 

100 

ns 

«0HA 

Output Hold from Address Change 

10 


10 


10 


10 


ns 

WRITE CYCLE 

twc 

Write Cycle Time 

200 


250 


300 


450 


ns 

twp 

Write Pulse Width 

100 


125 


150 


200 


ns 

tWR 

Write Recovery Time 

0 


0 


0 


0 


ns 

tos 

Data Set-Up Time 

100 


125 


150 


200 


ns 

IDH 

Data Hold Time 

0 


0 


0 


0 


ns 

tWOT 

Write Enable to Output TRI-STATE 

0 

40 

0 

60 

0 

80 

0 

100 

ns 

WO 

Write Enable to Output Valid 


80 


90 


100 


120 

ns 

Capacitance Ta = 25 °c, f = 1 mhz, (Note 3) 

SYMBOL 

PARAMETER 

CONDITIONS 

MM2114 
MM2114-2 
MM21 14-25 
MM2114-3 

MM2114-L 

MM2114-2L 

MM2114-25L 

MM2114-3L 

UNITS 

MIN 

MAX 


MAX 

C|N 

Input Capacitance 

All Inputs V(i\j = OV 


5 


5 

pF 

COUT 

Output Capacitance 

> 

o 

O 

> 


10 


10 

pF 

Note 1; Typical values at T/\ = 25°C. 

Note 2: All input transitions < 10 ns. Timing referenced to Vm(|y|/i,x) V|H(MIN) inputs, 0.8V and 2V for output. For test purposes, input 

levels should swing between OV and 3V. Output load = 1 TTL gate and Cl = 100 pF. 

Note 3: This parameter is guaranteed by periodic testing. 
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CHIP SELECT '"/y/ 
(NOTES) V|L^% 


WRITE ENABLE V|H 
(NOTES) V|L 


wssmmssmmsm 



188980980008000606800909909898090899 ^^ 


Note 1: WE is high during a read cycle (WE > V|h(iviIN))- 

Note 2; twp defines the period when both CS and WE are low. t/^yV 's referenced to the later o f CS or WE going low while tos. tDH 
and twR are referenced to the earlier of CS or WE going high. tyvoT ^yyo are referenced to WE with CS low. 

Note 3: Either WE or CS (or both) must be high during address transitions to prevent erroneous write. 
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MM21H MM2114L Family 






MM2147/MM2147L Family 


Semiconductor 


NMOS RAMS 


MM2147/MM2147L Family 4096 x 1 Static RAMs 


General Description 


The MM2147 is a 4096-word by 1-bit static random 
access memory fabricated using N-channel silicon-gate 
technology. All internal circuits are fully static and 
therefore require no clocks or refreshing for operation. 
The data is read out nondestructively and has the same 
polarity as the input data. 

The separate chip select input automatically switches 
the part to its low power standby mode. 

The output is held in a high impedance state during 
write to simplify common I/O applications. 


Features 

■ All inputs and outputs directly TTL compatible 

■ Static operation— no clocks or refreshing required 

■ Automatic power down 

■ High speed— down to 55 ns access time 

■ TRI-STATE® output for bus interface 

■ Separate Data In and Data Out pins 

■ Single -t5V supply 

■ Standard 18-pin dual-in-line package 


Connection Diagram* 

Dual-ln-Line Package 


Logic Symbol 


8 

WE (W) — 



Order Number MM2147N-3, MM2147N, 
MM2147N-L or MIVI2147N-1 L 
See NS Package N18A 

Order Number MM2147J-3, MM2147J, 
MM2147J-L or MM2147J-1L 
See NS Package J18A 


Dout(Q) 


All 

Dim (d) cs (S) we (w) 


? ? 


Truth Table* 


A0-A11 
WE (W) 

Address Inputs 
Write Enable 

CS 

(S) 

WE 

(W) 

Is 

DoUT 

(Q) 

MODE 

POWER 

VrO \0 ^ 

Din (d) 
DoUT (Q) 


H 

X 

X 

Hi-Z 

Not Selected 

Standby 

Data Out 

L 

L 

H 

Hi-Z 

Write 1 

Active 

vcc 

Power (-t5V) 

L 

L 

L 

Hi-Z 

Write 0 

Active 

vss 

Ground 

L 

H 

X 

dout 

Read 

Active 


‘ The symbols in parentheses are proposed industry standard. 
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Functional Description 


Two pins control the operation of the MM2147. Chip 
select enables write and read operations, deselects the 
device putting it in the low power standby mode, and 
controls TRI-STATING of the data-output buffer. Write 
enable chooses between READ and WRITE modes and 
also controls output TRI-STATING. The truth table de- 
tails the states produced by combinations of the controls. 


READ-cycle timing is shown in the section on Switching 
Time Waveforms. Write enable is kept high. Independent 
of chip select any change in address code causes new 
data to be fetched and brought to the output buffer. 
Chip select must be low, however, for the output buffer 
to be enabled and transfer the data to the output pin. 


Address access time is the time required for an address 
change to produce new data at the output pin, assuming 
chip select has enabled the output buffer prior to data 
arrival. Chip select access time is the time required for 
chip select to enable the output buffer and transfer 


previously fetched data to the output pin. Operation 
with chip select continuously held low is permissible. 

WRITE-cycle timing is shown in the section on Switching 
Time Waveforms. Writing occurs only during the time 
both chip select and write enable are low. Minimum 
write pulse width refers to this simultaneous low region. 
Data set-up and hold times are measured with respect to 
whichever control first rises. Successive write operations 
may be performed with chip select continuously held 
low. Write enable then is used to terminate WRITE 
between address changes. Alternatively, write enable 
may be held low for successive WRITES and chip 
select used for write interruption between address 
change. In any event, either write enable or chip select 
(or both) must be high during address transitions to 
prevent erroneous WR ITE. 

Standby operation allows data to be maintained with 
approximately 85% less current. The device automat- 
ically switches to the low power standby mode whenever 
it is deselected. 


Block Diagram 


ROW SELECT 
1-0F-64 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


WE (W) 


COLUMN I/O CIRCUITS 


COLUMN SELECT 


112 |13 |14 15 |16 |17 


All A10 A9 A8 A7 A6 


' The symbols in parentheses are proposed industry standard. 
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MM2147/MM2147L Family 





MM2147, MM2114L Family 


Absolute Maximum Ratings Operating Conditions 





MIN 

MAX 

UNITS 

Voltage on any Pin Relative to VSS 

-1.5Vto-L7V 

Supply Voltage (VCC) 

4.5 

5.5 

V 

Storage Temperature Range 

Power Dissipation 

DC Output Current 

Bias Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

-65°Cto-H50°C 
1.2W 
20 mA 
-10°C to -t85°C 
300° C 

Ambient Temperature (TA) 

0 

+70 

°C 


DC Electrical Characteristics ta = o°c to + 7 o°c, vcc = 5 v +10% (Note d 


SYMBOL 

PARAMETER 

CONDITIONS 

MM2147-3 

MM2147 

MM2147L 

MM2147L-1 

UNITS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

VIH 

Logical "1" Input Voltage 


2.0 

6.0 

2.0 

6.0 

2.0 

6.0 

V 

VIL 

Logical "0" Input Voltage 


-1.0 

0.8 

-1.0 

0.8 

-1.0 

0.8 

V 

VOH 

Logical "1 " Output Voltage 

lOH =-4.0 mA 

El 


m 


Bl 


V 

VOL 

Logical "0" Output Voltage 

lOL = 8.0 mA 


0.4 


0.4 


0.4 

V 

ILI 

Input Load Current 

VIN = 0 to 5.25V, 
VCC = Max 


10 


10 


10 

pA 

IILOl 

Output Leakage Current 

VO = 4.5V to Gnd, 

CS =VIH, VCC = Max 


50 


50 


50 

^A 

ICC1 

Power Supply Current 

VCC = Max, CS = VIL, 
Outputs Open, TA = 25°C 


170 


150 


135 

mA 

ICC2 

Power Supply Current 

VCC = Max, CS = VIL, 
Outputs Open, TA = 0“C 


180 


160 


140 

mA 

ISB 

Standby Current 

VCC = Min to Max, 
CS = VIH 


30 


20 


10 

mA 

IPO 

Peak Power ON Current 
(Note 2) 

VCC = Gnd to VCC Min, 
CS = Lower of VCC or 
VIH (MIN) 

■ 

70 

■ 

50 

■ 

30 

mA 


Capacitance ta = 25 °c, f = 1 mhz (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNITS 

CIN 

Input Capacitance 

All Inputs VIN = OV 


-5 

pF 

COUT 

Output Capacitance 

VO = 0V 


6 

pF 


AC Test Conditions (Note 4) 


Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing Reference Levels 

Output Load 


Gnd to 3.5V 
<10 ns 
1.5 V 
See Figure 1 



FIGURE 1. Output Load 



0 0.2 0.4 0.6 0.8 1.0 1.2 


NORMALIZED ICC 

FIGURE 2. Power On Current 


Note 1: Guaranteed with transverse air flow greater than 400 linear feet per minute. 

Note 2: A pull-up resistor to VCC on the chip select input is required to keep the device deselected or power on current approaches ICC active 
[see Figure 2) . 

Note 3: This parameter is guaranteed by periodic testing. 

Note 4: This device requires a 500 ns time delay after VCC reaches the specified minimum limit to ensure proper operation after power on. This 
allows the internally generated substrate bias to reach its functional level. 
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Read Cycle AC Electrical Characteristics ta = o“c to +7o°c, vcc = 5v ± 10 % 


SYMBOL 

ALTERNATE 

STANDARD 

IRC 

TAVAV 

tAA 

TAVQV 

'ASC1 

TSLQVI 

'ASC2 

TSLQV2 

tOH 

TAXQX 

'LZ 

TSLQX 

>HZ 

TSHQZ 

tpu 

TSLICCH 

tPD 

TSLICCL 



Chip Deselection to Power Down 


Note 5; Chip deselected for greater than 55 ns prior to selection. 

Note 6: Chip deselected for a finite time that is less than 55 ns prior to selection. 


Read Cycle Waveforms' 


Read Cycle No. 1 (Continuously Selected) 



1 


Read Cycle No. 2 (Chip Select Switched) 


POWER ICC 
SUPPLY 

CURRENT i„„ , 


•acsi.'acsz .. 

(TSLQVI, TSLQV2) 

-i ‘LZ -J 


(TSLQX) 

HIGH IMPEQANCE \ A A / 

^ DATA VALID 



^ The symbols in parentheses are proposed industry standard. 


MM2147/MM2147L Family 




































































MM2147/MM2147L Family 


Write Cycle AC Electrical Characteristics ta = o°c to +7o°c, vcc = 5v ±10% 


SYMBOL 


MM2147-3 

MM2147, MM2147L 

MM2147L-1 


ALTERNATE 

STANDARD 


MIN 

MAX 

MIN 

MAX 

MIN 

MAX 


twc 

TAVAV 

Write Cycle Time 

55 


70 ' 


go 


ns 

tew 

TSLWH 

Chip Selection to End of Write 

45 


55 


60 


ns 

tAW 

TAVWH 

Address Valid to End of Write 

45 


55 


60 


ns 

*AS 

TAVWL 

TAVSL 

Address Setup Time 

0 


0 


0 


ns 

twp 

TWLWL 

Write Pulse Width 

35 


40 


60 


ns 

tWR 

TWHAX 

Write Recovery Time 

10 


15 


20 


ns 

tow 

TDVWH 

Data Valid to End of Write 

25 


30 




ns 

tDH 

TWHDX 

Data Hold Time 

10 


10 


10 


ns 

twz 

TWLQZ 

Write Enabled to Output in Hi-Z 

0 

30 

0 

35 

0 

40 

ns 

tow 

TWHQX 

Output Active from End of Write 

0 


0 


0 


ns 


Write Cycle Waveforms * (Note 7) 


Write Cycle No. 1 (WE Controlled) 


ADDRESS 

U ^ U 

(TAVAV) 


( ) 

E 





(TSLWH) 

> 

C5(5) \ \ 
(NOTE 5) \ ^ 

ri 

V// 

'ill/ 





tAS tWP 

(TWHAX)"^ 

1 ■ (TAVWL) 

fniviwu 

i J 


mm 


r~ 





r 

(TOVWH) 

(TOHDX) r 

DATA IN ^ 

DATA IN VALID 

rjr——— 


^ *WZ pJ 

(TWLQZ) n 

L 'OW . 

(TWHQX) 


DATA OUT DATA UNDEFINED J C 


Write Cycle No. 2 (CS Controlled) 



<WC H 

(TAVAV) 


ADDRESS ^ 

(TAVS*1~^ 

c. ) 





(TSLWH) 

i 

CS(S) 

H 

( 



' (TAVWH) 

— %p 

(TWLWL) 

(TWHAX) 

WE(W) 

wwwwj 

' // \\\ \\ 



'DH 1. 

n 

(TDVWH) 

(TWHDX) r 

DATA IN ^ 

DATA IN VALID 


twz -I-J 


(TWL02) 


DATA OUT 


DATA UNDEFINED 


> 


HIGH IMPEDANCE 


Note 7: A write occurs during the coincidental low of CS and WE. The output renriains TRI-STATE® if CS and WE go high simultane- 
ously. WE or CS or both must be high during address transitions. 

* The symbols in parentheses are proposed industry standard. 
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National 


Semiconductor 

MM5257, MM5257L Family 
4096-Bit (4096 x 1) Static RAMs 


NMOS RAMs 


General Description 

The MM5257 family of 4096-word by 1-bit static ran- 
dom access memories is fabricated using N-channel 
silicon-gate technology. All internal circuits are fully 
static and therefore require no clocks or refreshing for 
operation. The data is read out nondestructively and has 
the same polarity as the input data. 

The separate chip enable input (CE) controlling the 
TRI-STATE® output allows easy memory expansion by 
OR-tying individual devices to a data bus. 

The output is held in a high impedance state during 
write to simplify common I/O applications. 


Features 

■ All inputs and outputs directly TTL compatible 

■ Static operation— no clocks or refreshing required 

■ Low power— 225 mW typical 

■ High speed— down to 200 ns access time 

■ TRI-STATE output for bus interface 

■ Separate Data In and Data Out pins 

■ Single -^5V supply 

■ Standard 18-pin dual-in-line package 


Connection Diagram 


Dual-In-Line Package 



TOP VIEW 

Order Number MM5257J, J-2, J-25, 
J-3, J-L, J-2L, J-25L or J-3L 
See NS Package J18A 
Order Number MM5257N, N-2, N-25, 
N-3, N-L, N-2L, N-25L. or N-3L 
See NS Package N18A 


Logic Symbol 




Truth Table 



WE 

Dl 

dout 

MODE 

H 

X 

X 

Hi-Z 

Not Selected 

L 

L 

H 

Hi-Z 

Write 1 

L 

L 

L 

Hi-Z 

Write 0 

L 

H 

X 

Dout 

Read 


MM5257, MM5257L Family 







MM5257, MM5257L Family 


Functional Description 

Two pins control the operation of the MM5257. Chip 
Enable (CE) enables write and read operations and 
controls TR I -STATING of the data-output buffer. Write 
Enable (WE) chooses between READ and WRITE modes 
and also controls output TRI-ST ATING. The truth table 
details the states produced by combinations of the CE 
and WE controls. 

READ-cycle timin g is shown in the section on Switching 
Time Waveforms. WE is kept high. Independent of CE, 
any change in address code causes new ^a to be 
fetched and brought to the output buffer. CE must be 
low, however, for the output buffer to be enabled and 
transfer the data to the output pin. 

Address access time, tA, is the time required for an 
address ct^ge to produce new data at the output pin, 
assuming CE has enabled the output buffer prior to data 
arrival. Chip Enable-to-output delay, tco- 's the time 
required for CE to enable the output buffer and transfer 
previously fetched data to the output pin. Operation 
with CE continuously held low is permissible. 

WRITE-cycle timing is shown in the section on Switching 
Time Waveforms. Writing occurs only during the time 


Block Diagram 



both CE and WE are low. Minimum write-pulse width, 
twp, refers to this simultaneous low region. Data set-up 
and hold times are measured with respect to whichever 
control first rises. Successive write operations may be 
performed with CE continuously held low. WE then is 
used to termi nate WRITE between address changes. 
Alternatively, _WE may be held low for successive 
WRITES and CE used for WRITE interruption between 
address change. 


In any event, either WE or CE (or both) must be high 
during address transitions to prevent erroneous WRITE. 


Stand-by operation allows data to be maintained with 
approximately 50% less operating current. The 2 require- 
ments to guarantee data retention are: a) the power 
supply voltage must meet the condition Vqc > 1.5V, 
and b) CE must be controlled; to disable the chip prior 
to reducing VcC/ k^ep it disabled during the time 
Vcc 's reduced, and to maintain the disabled state 
long enough after Vcc increased to normal for the 
chip to recover. These requirements are shown by the 
stand-by waveforms and characteristics. 
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Absolute Maximum Ratings 


Operating Conditions 


Voltage on Any Pin Relative to V$s —0.3V to +7V 

Storage T emperatu re Range — 65° C to + 1 50° C 

Power Dissipation 1W 

Short-Circuit Output Current 50 mA 

Lead Temperature (Soldering, 10 seconds) 300°C 


Supply Voltage (Vqc) 
Ambient Temperature (T/^) 


DC Electrical Characteristics ta = o°c to + 7 o°c, vcc = 5 v ±5% 


SYMBOL 

PARAMETER 

V|H 

Logical "1" Input Voltage 

V|L 

Logical "0" Input Voltage 

VoH 

Logical "1" Output Voltage 

VoL 

Logical "0" Output Voltage 

'Ll 

Input Load Current 

ILO 

Output Leakage Current 

icc 

Power Supply Current 

icc 

Power Supply Current 


CONDITIONS 


MM5257 MM5257-L 

MM5257-2 MM5257-2L 

MM5257-25 MM5257-25L UNITS 

MIVI5257-3 MM5257-3L 





V|N = 0to 5.25V 


Vo = 4V to 0.4V, CE = V|H 


All Inputs = 5.25V, Ta = 25°C 


All Inputs = 5.25V, Ta = 0°C 


AC Electrical Characteristics TA = o°cto+ 7 o°c, vcc = 5 v± 5 %, (Note2> 


SYMBOL 

PARAMETER 

1 READ CYCLE 

tRC 

Read Cycle Time (WE = V|h) 

tA 

Access Time 

tco 

Chip Enable to Output Valid 

tCOT 

Chip Enable to Output TRI-STATE 

tOHA 

Output Hold from Address Change 


WRITE CYCLE 


MM5257-2 MM5257-25 MM5257-3 MM5257 

MM5257-2L MM5257-25L MM5257-3L MM5257-L UNITS 




twc 

Write Cycle Time 

tWP 

Write Pulse Width 

tWR 

Write Recovery Time 

IDS 

Data Set-Up Time 

tDH 

Data Hold Time 

tWOT 

Write Enable to Output TRI-STATE 

two 

Write Enable to Output Valid 



Note 1: Typical values at Ta = 25°C. 

Note 2: All input transitions < 10 ns. Timing referenced to V|L(|yiAX) or V||-|(|\/)|fg) for inputs, 0.8V and 2V for output. For test 
purposes, input levels should swing between OV and 3V. Output load = 1 TTL gate and C(_ = 50 pF. 
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MM5257, MM5257L Family 

































































































































































MM5257, MM5257L Family 


Switching Time Waveforms 



Write Cycle 


ADDRESSES 


CHIP SELECT 
(NOTES) 


WRITE ENABLE 
(NOTE 5) 


DATA IN 


DATA OUT 



Note 3: WE is high during a read cycle (WE > V|(-|(|\/iim)). 

Note 4: tyyp defines the period when both CE and WE are low. t/^yy is referenced to the later of UE or WE going low while tQ5, tpn 
and tyyp are referenced to the earlier of CE or WE going high. tyyoT referenced to WE with CE low. 

Note 5: Either WE or CE (or both) must be high during address transitions to prevent erroneous write. 
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standby Characteristics ta = o°c to +7o°c 


SYMBOL 

PARAMETER 

CONDITIONS 

VPD 

Vcc iri Stand-by 


VCES 

CE Bias in Stand-by 

2< VpD< VcC(MAX) 

VCES 

CE Bias in Stand-by 

1.5< VpD<2 

IPDI 

Stand-by Current 

All Inputs = VpQ = 1 .5V 

IPD2 

Stand-by Current 

All Inputs = VpQ = 2V 

tCP 

Chip Deselect to Stand-by Time 


tR 

Recovery Time 



MM5257 

MM5257-2 

MM5257-25 

MM5257-3 

MM5257-L 

MM5257-2L 

MM5257-25L 

MM5257-3L 

UNITS 

■Airw 

■ZiLSJi 

Mlf7M 

MAX 


1.5 


1.5 


V 



CAPACITANCE Ta = 25° C, f = 1 MHz, (Note 6) 
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NMC2114A, NMC2114AP 


Semiconductor 


NMOS RAMs 

PREVIEW 


NMC2114A, NMC2114AP 4096-Bit (1024 x 4) Static RAMs 


General Description 


These 1024-word by 4-bit static random access memories 
are fabricated using N-channel silicon-gate technology. 
All internal circuits are fully static and therefore require 
no clocks or refreshing for operation. The data is read out 
nondestructively and has the same polarity as the input 
data. Common input/output pins are provided. 

The separate chip select input allows easy memory ex- 
pansion by OR-tying individual devices to a data bus and 
automatically powers down the NMC2114AP. 


Features 

■ All inputs and outputs directly TTL compatible 

■ Static operation— no clocks or refreshing required 

■ Low power— 225 mW typical 

■ High speed— 120 ns max access time 

■ TRI-STATE®^ output for bus interface 

■ Common Data In and Data Out pins 

■ Single 5V supply 

■ Power down option— NMC2114AP 


Block Diagram' 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


Connection Diagram* 

Dual-In-Line Package 


Order Number 
NMC2114AJ or « 

NMC2114APJ 
See NS Package J18A 

AO 

Order Number 
NMC2114AN or „ 

NMC2114APN 
See NS Package N18A ^ 



COLUMN I/O CIRCUITS 


Logic Symbol' 


5 6 7 1 15 


AO A1 A2 A9 


AO 


1/01 

(DQ1) 

At 

A2 


1/02 

A3 

A4 


(DQ2) 

A5 

A6 


■ 1/03 

A7 

AS 


(DQ3) 

A9 


cs 

WE, 

L 

(S) 

(^y)tDU4) 


‘ The symbols in parentheses are proposed industry standard. 


A0-A9 Address Inputs 

WE (W) Write Enable 

CS(S) Chip Select 

1/01-1/04 (DQ1-DQ4) Data Input/Output 
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Absolute Maximum Ratings 


Voltage at Any Pin with Respect to VSS 
Storage Temperature 
Temperature with Bias 
DCOutputCurrent 
PowerDlssIpatlon 

Lead Temperature (Soldering, 10 seconds) 


-1.5V to +7V 
-65“Cto +150"C 
-10’Cto +85 *C 
20 mA 
1.2W 
300 *C 


Operating Conditions 


Supply Voltage(VCC) 
Ambient Temperature (TA) 


DC Eiectricai Characteristics ta=o°c to +7o°c,vcc=5v ±10% 


Parameter 

Conditions 

Input Load Current 
(All Input Pins) 

VIN^OV to 5.5V 

I/O Leakage Current 

CS = 2.4V, 

VI/0 = 0.4V to VCC 

Power Supply Current 

VIN = 5.5V, 11/0 = 0 mA, 
TA = 25°C 

Power Supply Current 

VIN = 5.5V, 11/0 = 0 mA, 
TA = 0°C 



Input Low Voltage 


Input High Voltage 


Output Low Current 


Output High Current 


Output Short Circuit Current 


Standby Current 


Peak Power-On Current 



VOL = 0.4V 


VOH=2.4V 


VI/0 = VSS to VCC 
(Note 1) 


VCC = Min to Max, 
CS = VIH 


VCC = VSS to VCC Min 
CS = Lower of VCC or 
VIH Min 



Capacitance ta = 25 °c, f = 1 .0 mhz (Note 2) 


Symbol 

Parameter 

Conditions 

Cl/0 

Input/Output Capacitance 

VI/0 = ov 

CIN 

Input Capacitance 

VIN=0V 


NMC2114A 


Min Max 


NMC2114AP 


Min Max 



AC Test Conditions (Note 3) 

Input Pulse Levels 
Input Rise and Fall Times 
Inputand Output Timing Levels 
Output Load 


0.8 V to 2.4 V 
<10ns 
1.5 V 

ITTL Gate and CL = 100 pF 


Note 1: Maximum duration of 60 seconds. 

Note 2: This parameter is guaranteed by periodic testing. 

Nolo 3: These circuits require 500 /<s time delay after VCC reaches the specified minimum limit to ensure proper operation after power on. This allows the in- 
ternally generated substrate bias to reach its functional level. 
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NMC2114A, NMC2114AP 


Read Cycle AC Electrical Characteristics ta=o»c to +7o°c, vcc=5v ± 10 % 


Symbol 

Parameter 

1 NMC2114A 1 

1 NMC2114AP I 

Units 

Alternate 

Standard 

Min 

Max 

Min 

Max 

Irc 

TAVAV 

Read Cycle Time 

120 


120 


ns 

*A 

TAVQV 

Address Access Time 


120 


120 

ns 

<C0 

TSLQV 

Chip Select Access Time 
(Notes 4 and 5) 


70 


120 

ns 

^CX 

TSLQX 

Chip Select to Output Active 

20 


20 


ns 

*OTD 

TSHQZ 

Chip Select to Output TRI-STATE® 


60 


60 

ns 

*OHA 

TAXQX 

Output Hold from Address Change 

10 


10 


ns 

*PU 

TSLICCH 

Chip Select to Power Up 



0 


ns 

tpD 

TSHICCL 

Chip Select to Power Down 




60 

ns 


Read Cycie Waveforms* 

Read Cycle 1 (Continuous Selection CS = VIL, WE = VIH) 



tRC 

(TAVAV) 


ADDRESS ^ 

( ) 

( 


L ‘A _ . 1 


(TAVQV) 


DATA OUT 

PREVIOUS DATA VALID 


^ DATA VALID 


•OHA 

(TAXQX) 



Read Cycle 2 (Chip Select Switched, WE = VIH) (Note 5) 



Note 4: This parameter is increased by 10 ns for the NMC2114AP if the device is deselected for less than 55 ns. 

Note 5: Addresses must be valid coincident with or prior to the chip select transition from high to low for the NMC2114AP. Addresses must be valid 50 ns or 
more prior to the chip select transition from high to low for the NMC2114A. 

* Symbols in parentheses are proposed industry standard. 
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Write Cycle AC Electrical Characteristics (Note 6 )TA=o°cto +7o°c, vcc=5v ±10% 


Symbol 

Parameter 

1 NMC2114A 1 

I NMC2114AP 1 

Units 

Alternate 

Standard 

Min 

Max 

Min 

Max 

*wc 

TAVAV 

Write Cycle Time 

120 


120 


ns 

*AS 

TAVSL 

TAVWL 

Address Set-Up Time 

0 


0 


ns 

tw 

TWLWL 

Write Time 

60 


60 


ns 


TWHAX 

Write Recovery Time 

10 


10 


ns 

tow • 

TDVWH 

Data Set-Up Time 

50 


50 


ns 

•oh 

TWHDX 

Data Hold Time 

10 


10 


ns 

<OTW 

TWLQZ 

Write Enable to Output TRI-STATE 


60 


60 

ns 


Write Cycle Waveforms* (Note?) 



Note 6: A write occurs during the coincidence low of CS and WE. 

Note 7: The outputs remain in TRI-STATE if the CS low transition and the WE low transition occur simultaneously. WE or CS or both must be high 
during the address transitions. 

* Symbols in parentheses are proposed industry standard. 
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NMC2141, NMC5257A 


National 
Semiconductor 


NMOS RAMS 

PREVIEW 


NMC2141, NMC5257A 4096-Bit (4096 x 1) Static RAMs 


General Description 


These 4096-word by 1-bit static random access memories 
are fabricated using N-channei silicon-gate technology. 
All internal circuits are fully static and therefore require 
no clocks or refreshing for operation. The data is read out 
nondestructively and has the same polarity as the input 
data. Separate input/output pins are provided. 

The separate chip select input allows easy memory ex- 
par^sion by OR-tying individual devices to a data bus and 
automaticpily powers down the NMC2141. 


Features 

■ All inputs and outputs directly TTL compatible 

■ Static operation— no clocks or refreshing required 

■ Low power— 225 mW typical 

■ High speed— 120 ns max access time 

■ TRI-STATE® output for bus Interface 

■ Common Data In and Data Out pins 

■ Single 5V supply 

■ Power down option— NMC2141 


Block Diagram' 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


Connection Diagram' 


Dual-ln-Line Package 


Order Number 
NMC2141J or 
NMC5257AJ NS 
See NS Package 
Number J18A 

Order Number 
NMC2141N or 
NMC5257AN NS 
See NS Package 
Number N18A 



COLUMN I/O CIRCUITS 


Logic Symboi' 


Pin Names* 

A0-A11 All Inputs 
WE (W) Write Enable 

^(S) Chip Select 

DIN(D) Data Input 

DOUT (Q) Data Output 


All din we (CS) 
(D) (w) s 


*The symbols in parentheses are proposed industry standard. 
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Absolute Maximum Ratings 


Operating Conditions 


Voltage at Any Pin with Respect to VSS 
Storage Temperature 
Temperature with Bias 
DC Output Current 
Power Dissipation 

Lead Temperature (Soldering, 10 seconds) 


-1.5V to +7V 
-65"Cto +150*C 
-10“Cto +85 'C 
20 mA 
1.2W 
300 *C 


Supply Voltage(VCC) 
Ambient Temperature (TA) 


DC Eiectricai Characteristics ta=o°c to +7o»c, vcc=5v±io% 


Symbol 

Parameter 

ILI 

Input Load Current 
(All Input Pins) 

lILOl 

Output Leakage Current 

ICC1 

j 

Power Supply Current 

ICC2 

Power Supply Current 

VIL 

Input Low Voltage 

VIH 

Input High Voltage 

lOL 

Output Low Current 

lOH 

Output High Current 

lOS 

Output Short Circuit Current 

iSB 

Standby Current 

IPO 

Peak Power-On 
Current 


Conditions 


VIN=0V to 5.5V 


CS = 2.4V, 

VOUT = 0.4V to VCC 


V1N=5.5V, 

TA = 25 °C Output Open 


VIN=5.5V, 

TA = 0°C Output Open 


VOL = 0.4V 


VOH = 2.4V 


VOUTrrVSS to VCC 
(Note!) 


^C = Min to Max, 
CS = VIH 


VCC = VSS to VCC Min 
CS = Lower of VCC or 
VIH Min 


NMC5257A 


Min Max 


NMC2141 


Min Max 



Capacitance TA = 25 °c, f= 1.0 MHz(Note 2) 


Symbol 

Parameter 

Conditions 

COUT 

Output Capacitance 

VOUT = 0V 

CIN 

Input Capacitance 

VIN=0V 


NMC5257A 


Min Max 


NMC2141 


Min Max 



AC Test Conditions (Notes) 

Input Pulse Levels 
NMC2141 
NMC5257A 

Input Rise and Fall Times 
Input and Output Timing Levels 
Output Load 


GNDto3.5V 
0.8V to 2.4V 
<10ns 
1.5 V 

1 TTLGateandCL= 100 pF 


Note 1: Maximum duration of 60 seconds. 

Note 2; This parameter is guaranteed by periodic testing. 

Note 3: These circuits require 500 (is time delay after VCC reaches the specified minimum limit to ensure proper operation after power on. This ailows the in- 
ternaiiy generated substrate biad to reaoh its functionai level. 
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NMC2141, NMC5257A 


Read Cycle AC Electrical CharacteristicsTA=o“cto +7o°c, vcc-sv ±10% 


Symbol | 

Parameter 

I NMC5257A | 

1 NMC2141 I 

Units 

Alternate 

Standard 

Min 

Max 

Min 

Max 

Irc 

TAVAV 

Read Cycle Time 

120 


120 


ns 

Ua 

TAVQV 

Address Access Time 


120 


120 

ns 

*ACS 

TSLQV 

Chip Select Access Time 
(Notes 4 and 5) 


70 


120 

ns 

tl2 

TSLQX 

Chip Select to Output Active 

20 


20 


ns 

^HZ 

TSHQZ 

Chip Select to Output TRI-STATE 


60 


60 

ns 

toH 

TAXQX 

Output Hold from Address Change 

10 


10 


ns 

tpu 

TSLICCH 

Chip Select to Power Up 



0 


ns 

tpD 

TSHICCL 

Chip Select to Power Down 




60 

ns 


Read Cycle Waveforms* 


Read Cycle 1 (Continuous Selection CS = VI L, WE = VI H) 



IRC 

(TAVAV) 


ADDRESS ^ 

( 5 

{ 

»AA 


(TAVQV) 


DATA OUT 

PREVIOUS DATA VALID 


^ DATA VALID 


»0H 

(TAXQX) 

1 


Read Cycle 2 (Chip Select Switched, WE = VIH) (Note 5) 



Note 4: This parameter is increased by 10 ns for the NMC2141 if the device is deselected for iess than 55 ns. 

Note 5: Addresses must bevaiid coincident with or prior to the chip select transition from high to iow for the NMC2141. Addresses must be valid 50 ns or more 
prior to the chip select transition from high to low for the NMC5257A. 

* Symbols in parentheses are proposed Industry standard. 


1-26 




























































Write Cycle AC Electrical Characteristics (Note 6)ta=o“c to +7o°c, vcc^sv ± 10 % 


Alternate 

Standard 

*RC 

TAVAV 

*AS 

TAVSL 

TAVWL 

*WP 

TWLWL 

*WR 

TWHAX 

tow 

TDVWH 

•oh 

TWHDX 

•wz 

TWLQZ 

•ow 

TWHQX 

•cw 

TSLWH 

•aw 

TAVWH 


NMC5257A 


Max 


Parameter 


Write Cycle Time 


Address Set-Up Time 


Write Pulse Width 


Write Recovery Time 


Data Set-Up Time 


Data Hold Time 


Write Enable to Output TRI-STATE 


Write Enable to Output Active 


Chip Select to End of Write 


Address Valid to End of Write 


Write Cycle Waveforms* (Note 7) 

Write Cycle 1 (Write Enable Limited) 






Write Cycle 2 (Chip Select Limited) 




Note 6: A write occurs during the coincidence iow of CS and WE. 

Note 7: The output remains TRi-STATE if the CS and WE go high simultaneousiy. WE or CS or both must be high during the address transitions. 
* Symbois in parentheses are proposed industry standard. 
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NMC2142A, NMC2142AP 



National 

Semiconductor 


NMOS RAMS 

PREVIEW 


NMC2142A, NMC2142AP 4096-Bit (1024 x 4) Static RAMs 


General Description 


Features 


These 1024-word by 4-bit static random access memories 
are fabricated using N-channei silicon-gate technology. 
All internal circuits are fully static and therefore require 
no clocks or refreshing for operation. The data is read out 
nondestructively and has the same polarity as the input 
data. Common input/output pins are provided. 

The separate chip select inputs allow easy memory ex- 
pansion by OR-tying individual devices to a data bus and 
automatically powers down the NMC2142AP. 


■ All inputs and outputs directly TTL compatible 

■ Static operation— no clocks or refreshing required 

■ Low power— 225 mW typical 

■ High speed— 120 ns max access time 

■ TRI-STATE® output for bus interface 

■ Common Data In and Data Out pins 

■ Single 5V supply 

■ Powerdown option— NMC2142AP 



Connection Diagram* 

Dual-ln-Llne Package 



TOP VIEW 


Order Number 

NMC2142AJ or NMC2142APJ 
See NS Package J20B 

Order Number 

NMC2142AN or NMC2142APN 
See NS Package N20A 


Logic Symbol* 
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Absolute Maximum Ratings 


Operating Conditions 


Voltage at Any Pin with Respect to VSS 
Storage Temperature 
Temperature with Bias 
DC Output Current 
Power Dissipation 

Lead Temperature (Soldering, 10 seconds) 


-1.5V to +7V 
-65“C to +150"C 
-10"Cto +85 "C 
20 mA 
1.2W 
300 'C 


Supply Voltage (VCC) 
Ambient Temperature (TA) 


DC Electricai Characteristics ta=o°c to +70“c, vcc=5v ± 10 % 


Parameter 

Conditions 

Input Load Current 
(All Input Pins) 

VIN=0V to 5.5V 

I/O Leakage Current 

^=2.4V, 

VI/O = 0.4V to VCC 

Power Supply Current 

VIN = 5.5V, ll/0= 0 mA, 
TA = 25“C 

Power Supply Current 

VIN = 5.5V, ll/C = 0mA, 
TArzO-C 



Input Low Voltage 


Input High Voltage 


Output Low Current 


Output High Current 


Output Short Circuit Current 


Standby Current 


Peak Power-On 
Current 


VOL = 0.4V 


VOH = 2.4V 


Vl/0 = VSS to VCC 
(Note1) 


VCC = Min to Max, 
CS = VIH 


VCC = VSS to VCC Min 
CS = Lower of VCC or 
VIH Min 


NMC2142A 


Min Max 


NMC2142AP 


Min Max 



10 


10 

nA 

45 

mA 

50 

mA 

0.8 

V 

6.0 

V 


mA 


mA 

120 

mA 

15 

mA 

15 

mA 


Capacitance TA = 25 °c, f= 1.0 MHz(Note 2) 


Symbol 

Parameter 

Conditions 

Cl/O 

Input/Output Capacitance 

VI/O = 0V 

CIN 

Input Capacitance 

VIN=0V 


NMC2142A 


Min Max 


NMC2142AP 


Min Max 



AC Test Conditions (Notes) 

Input Pulse Levels 
Input Riseand FallTimes 
InputandOutputTiming Levels 
Output Load 


0.8V to 2.4V 
<10ns 
1.5 V 

1TTLGateandCL = 100pF 


Note 1: Maximum duration of 60 seconds. 

Note 2: This parameter is guaranteed by periodic testing. 

Note 3: These circuits require 500 >is time delay after VCC reaches the specified minimum limit to ensure proper operation after power on. This allows the in- 
ternally generated substrate bias to reach its functional level. 
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NMC2142A, NMC2142AP 


Read Cycle AC Electrical Characteristics ta=o°c to +70"c, vcc=5v ± 10 % 


Symbol | 

Parameter 

I NMC2142A 1 

1 NMC2142AP 1 

Units 

Alternate 

Standard 

Min 

Max 

Min 

Max 

tpc 

TAVAV 

Read Cycle Time 

120 


120 


ns 

^A 

TAVQV 

Address Access Time 


120 


120 

ns 

tco 

TSXQV 

Chip Select Access Time 
(Notes 4 and 5) 


70 


120 

ns 

tcx 

TSLQX 

Chip Select to Output Active 

20 


20 


ns 

ioTD 

TGHQZ 

TSHQZ 

Output TRI-STATE from Disable 


60 


60 

ns 

*OHA 

TAXQX 

Output Hold from Address Change 

10 


10 


ns 

*OD 

TGLQV 

Output Disable to Output Valid 


60 


60 

ns 

<ODX 

TGLQX 

Output Disable to Output Active 

20 


20 


ns 

ipu 

TSLICCH 

Chip Select to Power Up 



0 


ns 

tpD 

TSHICCL 

Chip Select to Power Down 




60 

ns 


Read Cycie Waveforms* 

Read Cycle 1 (Continuous Selection CSi =VIL, CS2 = VlH, OD = VIL, \^E = VlH) 



«RC 



(TAVAVI 


ADDRESS ^ 

i ) 



•a 

. 



(TAVOV) 



DATA DUT 

PREVIDUS DATA VALID 

DATA VALID 


, toHA 

(TAXQX) 



Read Cycle 2 (Continuous Selection with Output Disable Switched, CS*! = VIL, CS2 = VIH, WE = VIH) 



«RC 

(TAVAV) 

<A 

'• (TAVQV) 



ADDRESS ^ 

( 

) 

; 


1 *00 

t: 



»DHA 

(TAXQX) 

■■lit 



DATA 

iQI 


■ 

i 

it 





Read Cycle 3 (Chip Select(s) Switched, OD = VIL, WE = VIH) (Note 5) 



Note 4: This parameter Is Increased by 10 ns for the NMC2142AP If the device is deselected for less than 55 ns. 

Note 5: Addresses must be valid coincident with or prior to the chip select transition from high to low for the NMC2142AP. Address must be valid 50 ns or more 
prior to the chip select transition from high to low for the NMC2142A. 

* Symbols in parentheses are proposed Industry standard. 
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Write Cycle AC Electrical Characteristics (Note 6) ta=o"c to +70 °c, vcc=5v ±10% 


Symbol 


Alternate 

Standard 

*wc 

TAVAV 

Us 

TAVSX 

TAVWL 

tw 

TWLWL 

*WR 

TWHAX 

tow 

TDVWH 

*0H 

TWHDX 

•OTO 

TSXQ2 

TWLQZ 


Parameter 


Write Cycle Time 


Address Set-Up Time 


Write Time 


Write Recovery Time 


Data Set-Up Time 


Data Hold Time 


NMC2142A 


Min Max 


Write Cycle Waveforms* (OD=viH)(Note7) 






Write Enable to Output TRI-STATE 



Note 6: A write occurs durirrg the coincidence low of CS and WE. 

^fe 7: The outputs remain In TRI-STATE If the chip is deselected with a chip select transition simultaneously with the WE low transition. WE or 
CS or both must be high during the address transitions. 


' Symbols In parentheses are proposed Industry standard. 
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NMC2148/NMC2148L 



National 

Semiconductor 


NMOSRAMs 

PREVIEW 


NMC2148/NMC2148L 1024 x 4 Static RAM 


General Description 

The NMC2148 Is a 1024-word by 4-bit static random ac- 
cess memory fabricated using N-channel silicon-gate 
technology. All internal circuits are fully static and 
therefore require no clocks or refreshing for operation. 
The data is read out nondestructively and has the same 
polarity as the input data. 

The separate chip select input automatically switches 
the part to its low power standby mode when it goes high. 
Common input/output pins are provided. 


Features 

■ All inputs and outputs directly TTL compatible 

■ Static operation— no clocks or refreshing required 

■ Automatic power down 

■ High speed— down to 55 ns access time 

■ TRI-STATE® output for bus interface 

■ Common Data I/O pins 

■ Single -i-5V supply 

■ Standard 18-pin dual-in-line package 


Block Diagram* 



* The symbols In parentheses are proposed industry standard. 


Connection Diagram* 

Dual-In-Line Package 



TOP VIEW 


Logic Symbol* 



Pin Names* 

A0-A9 Address Inputs 

WE(W) Write Enable 

CS(S) Chip Select 

1/01-1/04 (DQ1-DQ4) Data Input/Output 
VCC Power (-^5V) 

VSS Ground 
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National 

dtm Semiconductor 


NMOS RAMS 

PREVIEW 


NMC4864 64k Pseudo-Static Byte-Wide RAM 


General Description 

The NMC4864 is a single 5V power supply pseudo-static 
NMOS RAM organized as 8192 words by 8 bits. The circuit 
uses single-transistor dynamic storage cells with inter- 
nal refresh control to make the part appear static to 
the user. The byte-wide (8-bit input/output) organiza- 
tion makes this RAM ideal for microprocessor applica- 
tions. The part is manufactured using National’s new 
TRI-POLY^M scaled process. 

The NMC4864 has separate address and data I/O pins for 
use with either separate or multiplexed address/data 
buses. Two modes of operatjon are possible with the 
cycle initiated by the Read (R)/Write (W) signals or the 
Address (E) signal. 

The NMC4 864 has a bidirectional refresh status and con- 
trol pin F (RFSH). Use of this pin selects either of two 
cycle-initiated refresh modes or the self-timed standby 
mode. 

The NMC4864 is packaged in a standard 28-pin DIP with 
the JEDEC proposed standard pinout. This pinout is 
EPROM/ROM compatible with minimal modification. 


Features 

■ 8192 words x 8-bit organization 

■ High performance 
Access time— 150 ns 
Cycle time — 250 ns 

■ Low power: 200 mW active, 50 mW standby 

■ Single 5V 10% supply with on-chip substrate bias 
generator 

■ 256 refresh cycles/4 ms automatically provided 

■ Automatic self refresh with fast and slow cycle modes 

■ Standby/single step auto-refresh allows infinite max- 
imum cycle time 

■ Standard 28-pin DIP with JEDEC proposed pinout 

■ Pinout ROM/EPROM compatible 


Connection Diagram 


Dual-ln-Line Package 


A0-A12 Address inputs 

E Address latch enable 

R Read strobe 

W Write strobe 

S Chip select 

DQ0-DQ7 Data input/output 

(TRI-STATE®) 

F (RFSH) Refresh (bidirectional) 

VCC Power supply 

VSS Ground 
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NMC4864 


Absolute Maximum Ratings 

Operating Temperature Range 0°Cto+70“C 

StorageTemperature -65°Cto + 150°C 

All Pins with Respect to VSS -3.0V to +7.0V 

Power Dissipation 1.25W 

DC Electrical Characteristics ta=o°c to +7o°c,vcc=5v ±io%,vss=ov 


JEDEC 

Symbol 

Parameter 

Conditions 

VIH 

Input Voltage HIGH 


VIL 

Input Voltage LOW 


II 

Input LeaKage Current 


lOZ 

Output Leakage Current 


VOH 

Output Voltage HIGH 

IOH = -1 mA 

VOL 

Output Voltage LOW 

IOL = 4 mA 

ICC1 

Power Supply Current (Operating) 


ICC2 

Power Supply Current (Standby) 


IF 

Refresh Output LOW Current 

VF = 0.4V 

Cl 

Input Capacitance (A) 


cc 

Input Capacitance (E, R, W) 


CO 

Output Capacitance (DQ, F) 




Max 

Units 

7.0 

V 

0.8 

V 

10 

pA 

10 

pA 


V 

0.4 

V 

40 

mA 

10 

mA 

6.0 

mA 

5 

pF 

10 

pF 

10 

pF 


Block Diagram 


MUX 

SENSE AMPS ROW 

□ RIVERS 


COL DECODER 
AND DRIVERS 
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R Only READ Cycle and W Only WRITE Cycle TA = O'C to + 70°C, VCC = 5V ± 10% 
Waveforms 


R Only READ Cycle 


W Only WRITE Cycle 


TAVWL -+-«H-»-TWLAX 





AC Characteristics r oniy read cycie 



Cycle Time 

Short Cycle Mode (F = HIGH) 
Double Cycle Mode (F = LOW) 
Standby/Single Step Mode 
Read LOW Pulse Width 
Read HIGH Pulse Width 
Address/Refresh Set-Up Time 
Address/Refresh Hold Time 
Select Set-Up Time 
Select Hold Time 
Read Access Time 
Output Deselect Time 



AC Characteristics w oniy write cycie 



Cycle Time 

Short Cycle Mode (F = HIGH) 
Double Cycle Mode (F = LOW) 
Standby/Single Mode 
Write LOW Pulse Width 
Write HIGH Pulse Width 
Address/Refresh Set-Up Time 
Address/Refresh Hold Time 
Select Set-Up Time 
Select Hold Time 
Data Set-Up Time 
Data Hold Time 
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NMC4864 


E Only READ or WRITE Cycle TA = O'C to + 70°C, VCC = 5V ± 10% 

Waveforms 


E READ Cycle 

TELEL — 




E WRITE Cycle 

TELEL- 





TDVWL-J - — 

Note: TRHQZ is determined by the earliest 

Note: WRITE cycle is^terrmnated by the earliest 

rising edge of either E or R. 

rising edge of either E or W. 

AC Characteristics 



JEDEC 

Symbol 

Parameter 

Min 

READ OR WRITE 

TELEL 

Cycle Time 



Short Cycle Mode (F = HIGH) 

250 


Double Cycle Mode (F = LOW) 
Standby/Single Step Mode 

500 

TELEH 

Enable LOW Pulse Width 

50 

TEHEL 

Enable HIGH Pulse Width 

80 

TAVEL 

Address/Refresh Set-Up Time 

0 

TELAX 

Address/Refresh Hold Time 

20 

TSLEL 

Chip Select Set-Up Time 

0 

TELSH 

Chip Select Hold Time 

20 



TELRL 

Enable LOW to Read LOW Delay Time 

0 

100 

fiS 

TRLRH 

Read LOW Pulse Width 

50 


ns 

TELRH 

Enable LOW to Read HIGH Delay Time 

0.150 

100 

r*s 

TRHEL 

Read HIGH to Enable LOW Delay Time 

80 


ns 

TRLEH 

Read LOW to Enable HIGH Delay Time 

20 


ns 

TRLEL 

Read LOW to Enable LOW Delay Time 





Short Cycle Mode (F = HIGH) 

130 


ns 


Double Cycle Mode (F = LOW) 

400 


ns 

TELQV 

Enable Access Time 


150 

ns 

TRLQV 

Read Access Time 


35 

ns 

TRHQZ 

Output Deselect Time 


35 

ns 

WRITE 

TELWL 

Enable LOW to Write LOW Delay Time 

0 

100 

4S 

TWLWH 

Write LOW Pulse Width 

50 


ns 

TELWH 

Enable LOW to Write HIGH Delay Time 

0,150 

100 

liS 

TWHEL 

Write HIGH to Enable LOW Delay Time 

80 


ns 

TWLEH 

Write LOW to Enable HIGH Delay Time 

20 


ns 

TWLEL 

Write LOW to Enable LOW Delay Time 





Short Cycle Mode (F = HIGH) ' 

130 


ns 


Double Cycle Mode (F = LOW) 

400 


ns 

TDVWL 

Data Set-Up Time 

0 


ns 

TWLDX 

Data Hold Time 

20 


ns 

























Refresh Characteristics ta=o°c to +7o°c, vcc=5v ±10% 

AC Characteristics 


JEDEC 

Symbol 

Parameter 

Min 

Max 

Units 

INTERNALLY INITIATED DOUBLE CYCLE (SHORT CYCLE MODE) 





Cycle Time 

Chip Select Set-Up Time 

Chip Select Hold Time 

Refresh Set-Up Time 

Enable to Refresh LOW Delay Time 

Enable to Refresh Disable Time 


STANDBY/SINGLE STEP AUTO REFRESH MODE 


Waveforms 


Internally Initiated Doubie Cycie 
(Short Cycle Refresh Mode Only) 



Cycle Time 


Refresh Set-Up Time 

0 

Refresh Hold Time 

20 

Refresh HIGH Pulse Width 

too 

Refresh Recovery Time 

300 

Enable to Internal Refresh Delay Time 

10 

Refresh to Internal Refresh Delay Time 

- 10 

Internal Refresh Cycle Time 

10 

Refresh Time 




■ TELFH i- 

DRIVEN LOW I RICH IMPEDANCE 


Standby/Single Step Auto Refresh Mode 


INTERNAL REFRESH 
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NMC4864 


Functional Description 

The memory is organized as two separate 4k x 8 halves 
selected by address AO. This architecture provides the 
means for a highly efficient self refresh scheme. During a 
read or write to the even half, the odd half is refreshed and 
vice versa. This is one of three self refresh modes which are 
fully described later. 

The address, chip select, and F (RFSH) inputs are clocked 
into on-chip latches by one of three control clocks; E, R or 
W. The address latch clock, E, latches address, chip select 
and F on its falling edge. To simplify use in nonmulti- 
plexed systems E may be tied permanently HIGH and 
read or write tjming controlled with the falling edge of 
either the R or W clocks. 

Read Cycles 

Read cycles are controlled by the S, R, and E inputs. For a 
read cycle S must be LOW as specified with respect to R or 
E transitions, otherwise R and E are ignored except to 
initiate refresh. Two types of read cycles are provided; a R 
only cycle and an E cycle. 

The R only cycle (Figure 1} provides simple timing for 
nonmultiplexed address and data bus systems. With E lefj 
HIGH, the falling edge of R latches the address and S 
inputs; and initiates the cycle. The outputs remain TRI- 
STATE until aiXer the access time when the data becomes 
valid. After R returns HIGH the data pins return to 
TRI-STATE. 

E ■■ — HIGH 


Write Cycles 

Write cycles are controlled by the S, W and E inputs. For a 
write cycle S must be LOW a^specified with respect to W 
and Etransitions,otherwiseWand Eare ignored except^ 
initiate ref resh. Two types of write cycles are provided; a W 
only cycle and an E cycle. 

The W only write cycle provides simple timing for non- 
multiplexed address and ^ata bus systems. With E left 
HIGH, the falling edge of W latches the data in, address 
and S inputs; and initiates the cycle. The rising edge ter- 
minaves the cycle. 

The E write cycle provides direct compatible timing for 
multiplexed address and data bus systems^ Care must be 
taken with the timing to insure that data outputs are TRI- 
STATE during address or data input times. The falling edge 
of E la_tches the address and S inputs and initiates the 
cycle. W going LOW latches and writes the data in. While 
W is LOW, E may either return HIGH or remain LOW. The 
latter of the W or E rising edges terminates the cycle. 

Self Refresh Operation 

The NMC4864 must be refreshed with 256 refresh cycles 
every 4 ms. One of three refresh modes may be chosen to 
meetthisrequirement which provide transparent refresh in 
most circumstances. During active operation two refresh 
approaches are available which depend on the user’s cycle 
time requirements. These are the double cycle mode and 
the short cycle mode. The third refresh mode is for standby 
and single step operation where long periods occur be- 
tween clocking, including up to infinite cycle time. 


• CZ3 

FIGURE 1. R Only Read Cycle 

The E read cycle (Figure 2) provides direct compatible tim- 
ing for multiplexed address and data bus systems. The 
data bus may be tied directly to the address bus when E 
cycles are used due to time multiplexing of the address and 
data. Caremust betaken with the timing to insure that data 
outputs are TRI-STATE during address or data jnput times. 
The falling edge of E latches the address and S inputs and 
initiates the cycle. R must go LOW to enable the output 
buffers. While R is LOW E may either remain LOW or return 
HIGH with^out affecting the output. As long as E remains 
LOW the R input acts only as an output enable and may 
repeatedly be toggled to select and deselect the same out- 
put data. The mad cycle is terminated by the latterof the ris- 
ing edges of R or E. 


— \_y 
w “■ 

CD 

FIGURE 2. E Read Cycle 


Double Cycle Refresh Mode 

For cycle times greater than TELEL (min, double cycle 
model), the double cy cle self refresh mode may be selected 
by a LOW input on F (RFSH) at the start of the cycle. This 
input is latched by E, R, or W but may be tied permanently 
LOW if the cycle time iS less than 10 jjs. 

In this mode every read/write cycle is automatically fol- 
lowed by a refresh operation to both array halves. This 
refresh is totally transparent to the user since both timing 
and refresh address are internally created. The data (D/Q) 
pins are not affected by this_refresh operation and r^ain 
under control of the R and W pins. When E, R and W are 
clocked with the part deselected (S = HIGH), only the 
refresh operation is done. 

This double cycle self refresh mode is the best for 
microprocessor applications where the cycle time normal- 
ly exceeds 500 ns. No data interruption is required for 
refresh with this refresh mode. The only requirement for 
this mode is that 256 memory cycles (selected or 
deselected) be done for each 4 ms time period. 


Short Cycle Refresh Mode 

This self refresh mode allows highest speed operation with 
cycle times down to TELEL(min , short cycle mode). This 
mode is selected by pulling the F (RFSH) pin HIGH through 
a pull up resistor (1 kU, typ) which allows wire-OR connec- 
tions of the F outputs from several NMC4864 devices. 
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Functional Description (Continued) 

For the short cycle self refresh mode the required 256 
refresh cycles per 4 ms to both array halves will automati- 
cally be provided as long as the average cycle time, TELEL, 
over any 4 ms is less than 820 ns according to the following 
equation. 


TELEL(average) = 


(19 X 256) 


whereTREF = 4 ms / 

This mode utilizes the split array architecture to perform 
refresh on the non-addressed half and read/write on the 
addressed half simultaneously as determined by the least 
significant address input, AO. The details concerning the 
operation of this refresh mode follow. 

Each E, R or W cycle when deselected (S = HIGH) refreshes 
both array halves and increments the internal refresh 
address. 

Each E, R or W cycle when selected (S = LOW) refreshes 
the array half not addressed by AO and performs the 
read/write operation to the other half. The refresh address 
is incremented after each time both array halves are 
selected. 

In this mode normal memory activity will perform the re- 
quired 256 refresh cycles to each half for each 4 ms period. 
In the unlikely event that a long string of all odd or even 
addresses occurs, a built in cycle counter is provided to 
guarantee ac^equate refresh. Should 18 continuous cycles 
, be selected (S = LOW) with address AO either always LOW 
or always HIGH then on the 19th cycle the F output will be 
pulled LOW to request a double length cycle (Figure 3). 
Refresh will be done automajically to both halves just as in 
the double cycle mode. The F pin returns to open (allowing 
it to go HIGH) when the refresh is completed. 

The F pin in this mode may be tied to the READY or WAIT 
input (Figure4)on most microprocessors. This is a conven- 
ient method by which the memory cycle time may be 
lengthened to allow for the double length cycle only when 
required. 


Standby/Single Step Auto Refresh Mode 

This mode completes the pseudo-static nature of the 
NMC4864 allowing it to be used for most static RAM appli- 
cations. In particular, this mode is ideal for applications 
requiring very long periods with no clocks being cycled 
such as in single step operation or during microprocessor 
powerdown. 

The standby mode (Figure 5) is entered if F (RFSH) is held 
LOW for 100 ns uninterrupted by active cycles. Each active 
cycle restarts the timer when F is LOW. This standby/ 
single step mode is entered 100 microseconds after the 1^- 
ter of the falling edge of F or the start of the last E, R or W 
cycle. 

During standby mode all other read/write timing specifica- 
tions api^y except for the maximum active pulse widths for 
E, R and W which may be HIGH or LOW during standby, but 
must not be cycled. While R remains LOW from the cycle 
entering standby the outputs remain valid without time 
limit. If the cycle entering standby was deselected 
(S = HIGH) or if R is HIGH the outputs remain TRI-STATE. 
The internal auto refresh cycle occurs every 15 ns during 
standby. This minimizes standby power while refreshing 
the memory every 3.84 ms. 

Exit from standby/single step mode is best done by return- 
ing FHIGH before the next active cycle bythetimeTFHEL. 
F need only remain HIGH for time TFHFL which allows for 
short or double cycle mode selection on the first active 
cycle after standby mode termination. This method of 
standby exit provides a safe exit from the asynchronous 
internal refresh operations during standby, with zero error 
probability. 

Power Up Characteristics 

The NMC4864 has an internal substrate bias generator 
that requires up to 500 ns to reach its functional level. In 
addition, the device requires up to 128 cycles to initialize 
the internal clock chain. 

Therefore, it is necessary for the system designer to pro- 
vide a delay of at least 500 ns after VCC reaches 4.5V 
followed by a minimum of 128 dummy cycles. These 128 
dummy cycles must also be provided following a violation 
of refresh timing. Any 128 read or write cycles satisfies this 
requirement regardless of whether or not the chip is 
selected. 


1 


tg / DOUBLE CYCLE 


WAIT I COUNTER RESET 



FIGURE 3. Short Cycle Auto Refresh Timing 


FiGURE 4. Circuit for Short Cycle 



FIGURE 5. Standby/Single Step Auto Refresh Mode 
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NMC6132 



National 

Semiconductor 


NMC6132 32k Pseudo-Static NMOS RAM 


NMOS RAMS 

PREVIEW 


General Description 

The NMC6132 is a single 5V power supply pseudo-static 
NMOS RAM organized as 4096 words by 8 bits. The circuit 
uses singie-transistor dynamic storage celis with internal 
refresh control to make the part appear static to the user. 
The byte-wide (8-bit input/output) organization makes this 
RAM ideal for microprocessor applications. 

The NMC6132 has separate address and data I/O pins for 
use with either separate or multiplexed address/data 
buses. 

The NMC 6I32 ha s a bidirectional refresh status and con- 
trol pin F (RFSH). Use of this pin selects either of two cycle 
initiated refresh modes. 

The NMC6132 is packaged in a standard 28-pin DIP with 
the JEDEC proposed standard pinout. This pinout is 
EPROM/ROM compatible with minimal modification. 


Features 

■ 4096 words X 8 bit organization 

■ High performance 

Access time— 200 ns 
Cycle time— 350 ns 

■ Low power: 200 mW active, 125 mW standby 

■ 128 refresh cycles/2 ms automatically provided 

■ Single5V10% powersupplywithon-chipsubstratebias 
generator 

■ Automatic self refresh with fast and slow cycle modes 

■ Standard 28-pin DIP with JEDEC proposed pinout 

■ Pinout ROM/EPROM compatible 


Connection Diagram 


Dual-ln-Line Package 



Pin Names 


A0-A12 

Address Inputs 

E 

Address Latch Enable 

C 

Data Strobe 

W 

Write 

s 

Chip Select 

DQ0-DQ7 

Data Input/Output 


(TRI-STATE®) 

F(RFSH) 

Refresh (Bidirectional) 

VCC 

Power Supply 

VSS 

Ground 

VBB 

Substrate Bias Output 
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National 

Semiconductor 


NMOS RAMS 


MM4280 4096-Bit (4096 x 1) Extended Temperature 
Range Dynamic RAM 

General Description 


National's MM4280 is a 4096 word by 1 bit dynamic 
RAM. It incorporates the latest memory design features 
and can be used in a wide variety of applications, from 
those which require very high speed to ones where low 
cost and large bit capacity are the prime criteria. 

The MM4280 must be refreshed every 1 ms. This can be 
accomplished by performing a read cycle at each of the 
64 row addresses (AO— A5). The chip select input can 
be either high or low for refresh. Addresses (A6— All) 
must have a stable address during the refresh cycle. 
Any address is satisfactory as long as the address set-up 
and hold times are met. The chip select input can be 
either high or low for refresh. 

The MM4280 has been designed with minimum produc- 
tion costs as a prime criterion. It is fabricated using 
N-channel silicon gate MOS technology, which is an ideal 
choice for high density integrated circuits. The MM4280 
uses a single transistor cell to minimize the device area. 


Block Diagram 


The single device cell, along with unique design features 
in the on-chip peripheral circuits, yields a high perfor- 
mance memory device. 


Features 

■ Extended temperature range: — 55°C to -^85°C 

■ Organization: 4096 x 1 

■ Access time 270 ns maximum 

■ Cycle time 470 ns minimum 

■ Easy system interface 

• One high voltage input— chip enable 

• TTL compatible— all other inputs and outputs 

■ Address registers on-chip 

■ TR I -STATE® output 

■ Simple read-modify-write operation 

■ Industry standard pin configuration 


Connection Diagram 

Dual-ln-Line Package 


1 




Voo(18) — ♦12V 
Vss (22) — flV 

Vbb(I) 5V 

Vcc(lt) +5V 

Memory Inverts From Data In to Data Out 


TOP VIEW 

Order Number MM4280D Order Number MM4280J 
See NS Package D22B See NS Package J22A 


Logic Symbol 


A0-A11 

Address Inputs * 

VbB 

Power (— 5V) 

CE 

Chip Enable 

Vcc 

Power (+5V) 

CS 

Chip Select 

VdD 

Power (+12V) 

D|N 

Data Input 

Vss 

Ground 

dout 

Data Output 

WE 

Write Enable 

NC 

Not Connected 




Refresh Address AO— A5 



1-45 


M4280 





MM4280 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


MIN MAX UNITS 

Storage Temperature -65°C to +150°C Operating Temperature Range —55 +85 °C 

Voltage on any Pin Relative to VgB — 03Vto+20V Vqd Voltage 11.4 12.6 V 

IVss -V bb > 45V) Vcc Voltage 4.75 5.25 V 

Power Dissipation 1.25W Vbb Voltage -5.5 -4.5 V 

DC Electrical Characteristics 

Ta = -55°C to +85°C, Vdd = 12V ±5%, VqC = 5V ±5%, Vbb (Note 2) = -5V ±10%, Vss = OV, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

'Ll 

Input Load Current 

V|N “ OV to ViH max, (All Inputs 
Except CE) 


0.01 

10 

aA 

>LC 

Input Load Current 

VlN “ OV to Vine 


0.01 

10 

/iA 

I'LOl 

Output Leakage Current Up For 
High Impedance State 

CE = V|LC or CS = ViH, Vq = OV to 5.25V 


(i.01 

10 

AtA 

iDDl 

VnD Supply Current During 
CE"OFF" 

CE = -IV to 0.6V, (Note 4) 


110 

300 

HA 

lDD2 

Vqd Supply Current During 
CE "ON" 

CE = V|HC. Ta = 25°C 


20 

50 

mA 

Iddavi 

Average Vqd Current 

Cycle Time = 470 ns, tcE “ 300 ns 


35 

70 

mA 

icci 

Vcc Supply Current During 
CE "OFF" 

CE = V|LC or ^ = V|H (Note 5) 


0.01 

10 

HA 

IBB 

Vbb Supply Current Average 



5 

100 

mA 

V|L 

Input Low Voltage 

tj = 20 ns 

-1.0 


0.6 

V 

V|H 

Input High Voltage 


2.2 


Vcc+1 

V 

V|LC 

CE Input Low Voltage 


-1.0 


1.0 

V 

V|HC 

CE Input High Voltage ■ 


vdd-1 


Vdd+1 

V 

VOL 

Output Low Voltage 

IOL“2mA 

0 


0.45 

V 

VOH 

Output High Voltage 

lOH =“2 mA 

2.4 


Vcc 

V 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: All voltages referenced to Vss Vbb rnust be applied before and removed after other supply voltages. 

Note 3: Typical values are for T/\ = 25°C and nominal power supply voltages. 

Note 4: The Iqq and Iqc currents flow to Vss- 'BB current is the sum of all leakage currents. 

Note 5: During CE "DN" V^c supply current is dependent on output loading, V^c is connected to output buffer only. 

AC Electrical Characteristics ta = - 55 °c to + 85 °c, vdd = i2v ±5%, vcc = 5 v ±5%, vbb = - 5 v ±10% 

PARAMETER CONDITIONS I MIN I TYP I MAX I UNITS 


READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE 


IREF 

Time Between Refresh 



tAC 

Address to CE. Set-Up Time 

tAC is Measured From End of Address Transition 

0 

tAH 

Address Hold Time 


100 

ICC 

CE "OFF" Time 


130 

tT 

CE Transition Time 


10 

tCF 

CE "OFF" to Output High 
Impedance State 


0 


READ CYCLE 


1 

ms 


ns 


ns 


ns 

40 

ns 


ns 


tCY 

Cycle Time 


470 

tCE 

CE "ON" Time 

ClOAD ^ 50 pF, Load = 1 TTL Gate, Ref = 2V, 

300 

tco 

CE Output Delay 
Address to Output Access 


tACC = tAC + tco + 1 tj 

tACC 


tWL 

CE to WE 


0 

twe 

Vi^ to CE "ON" 


0 




ns 

3000 

ns 

250 

ns 

270 

ns 


ns 


ns 
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AC Electrical Characteristics (Continued) 

Ta = -55°C to +85°C, Vdd = 12V ±5%, Vcc = 5V ±5%, VbB = 5V ±10% 


PARAMETER 


WRITE CYCLE 


CONDITIONS 


fCY 

Cycle Time 


470 

tCE 

CE"ON" Time 


300 

tw 

WEtoCE "OFF" 


150 

tew 

CE to WE 

t j = 20 ns 

130 

tD 

Dim to CE Set-Up 


150 

tDH 

Dim Hold Time 


0 

twp 

WE Pulse Width 


50 


Switching Time Waveforms 


Read and Refresh Cycle 


^ADDRESS VALIO | 


-tcY(470) 

ADDRESS CAN CHANGE 
tT(20)-— 1 


V|LC 

'^*%E CAN 
wh^c hange/ I 

Vqh — ' 



ADDRESS VALID 

H K'T (20) 


HIGH 

IMPEDANCE 


I [-*- tWL (0) 

, hTgh „ 
IMPEDANCE V 

«CF (0) 


1 


ADDRESS CAN CHANGE 


sbbB 

llrtfBSyUuH 



Note 1 : For refresh cycle, row and column addresses must be stable before t/\c and remain stable for entire t/^H Period. 
Note 2: V|i_ max is the reference level for measuring timing of the address, CS and D|fj. 

Note 3: V|h min is the reference level for measuring timing of the addresses, CS and D||\|. 

Note 4: Vss + 2V is the reference level for measuring timing of CE. 

Note 5: Vdq — 2V is the reference level for measuring timing of CE. 

Note 6: Vss 2V is the reference level for measuring the timing of DgUT ^ output. 
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MM4280 


AC Electrical Characteristics (continued)TA=-55°cto +85 °c,vdd=i 2 v ± 5 v ±b%,vbb = -5v ±10% 


I 

PARAMETER 

CONDITIONS 1 

I READ/MODIFY/WRITE CYCLE 


tRWC 

Read/Modify /Write (RMW) 
Cycle Time 


tCRW 

CE Width During RMW 


fwc 

WE to CE "ON" 


tw 

WE to CE "OFF" 



■ 

tj = 20 ns, CloAD = 50 pF, Load = 1 TTLGate, 

twp 

WE Pulse Width 


D|n to CE Set-Up 

Ref = 2V, tACC = tAC + tCO + 1 tT 

tD 

tDH 

Din Hold Time 


^CO 

CE to Output Delay 


two 

WE to DoUT Invalid 


tACC 

Access Time 


I CAPACITANCE (Note 1) Ta = 25°C 


Cad 

Address Capacitance, CS 

V|N = Vss 

CCE 

CE Capacitance 

V|N = Vss 

COUT 

Data Output Capacitance 

VOUT = OV 

C|N 

D|n and WE Capacitance 

V|N = Vss 



Note 1; Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV with the current 
equal to a constant 20 mA. 

Switching Time Waveforms (Continued) , 

Read Modify Write Cycle 


^ ADDRESS VALID 
_Ur-tAR (100)— 

"f® 


-IflWC (0001 

ADDRESS CAN CHANGE 


Dii^CAN CHANGE 
■ tcD (250) 


-iwo (0) 

77Z7777777?7Z 

^%;unoefined;J 


Note 1: WE must be high until end of tco- 

Note 2: V||_ max is the reference level for measuring 

timing of the address, CS , D||vj and WE. 

Note 3: V|n min is the reference level for measuring 
timing of the address, CS, D|n and WE. 

Note 4: Vss + 2V is the reference level for measuring 
timing of CE. 

Note 5: Vdd — 2V is the reference level for measuring 
timing of CE. 

Note 6: Vss 2V is the reference level for measuring 
the timing of DqijT fo)" 3 output. 
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National 

Semiconductor 


NMOS RAMS 


MM5280 4096-Bit (4096 x 1) Dynamic RAM 

General Description 


National's MM5280 is a 4096 word by 1 bit dynamic 
RAM. It incorporates the latest memory design features 
and can be used in a wide variety of applications, from 
those which require very high speed to ones where low 
cost and large bit capacity are the prime criteria. 

The MM5280 must be refreshed every 2 ms. This can be 
accomplished by performing a read cycle at each of the 
64 row addresses (AO— A5). The chip select input can 
be either high or low for refresh. 

The MM5280 has been designed with minimum produc- 
tion costs as a prime criterion. It is fabricated using 
N-channel silicon gate MOS technology, which is an ideal 
choice for high density integrated circuits. The MM5280 
uses a single transistor cell to minimize the device area. 
The single device cell, along with unique design features 


in the on-chip peripheral circuits, yields a high perfor- 
mance memory device. 


Features 

■ Organization: 4096 x 1 

■ Access time 200 ns maximum 

■ Cycle time 400 ns minimum 

■ Easy system interface 

• One high voltage input— chip enable 

• TTL compatible— all other inputs and output 

■ Address registers on-chip 

■ TRI-STATE® output 

■ Simple read-modify-write operation 

■ Industry standard pin configuration 


Block Diagram 


Connection Diagram 

Dual'In-Line Package 




Vqo (18)— -412V 

Vss (22) OV 

V6b(1) -5V 

Vcc (It) ' 45V 

Memory Inverts From Data In to Data Out 


TOP VIEW 

Order Number MM5280N Order Number MM5280J 
See NS Package N22A See NS Package J22A 


Logic Symbol 


A0-A11 

Address Inputs * 

VbB 

Power (-5V) 

CE 

.Chip Enable 

Vcc 

Power (+5V) 

CS 

Chip Select 

VdD 

Power (+12V), 

D|N 

Data Input 

Vss 

Ground 

dqut 

Data Output 

WE 

Write Enable 

NC 

Not Connected 




Refresh Address AO— A5 


AO 


AT 


A2 


A3 

"in 

A4 


AS 


A6 


A7 


A8 

"out 

A9 


AtO 


AIT 


CS 

CE WE 
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Absolute Maximum Ratings (Notei) 

Operating Conditions 




Storage Temperature 

-65°Cto +150°C 


MIN 

MAX 

UNITS 

All Input or Output Voltages with Respect 

-0.3V to -f25V 

Operating Temperature Range 

0 

-k70 

°C 

to the Most Negative Supply Voltage, Vg^ 


Vdd Voltage 

10.8 

13.2 

V 

Supply Voltages Vqq, V[;c and Vgg with 

-0.3V to -t20V 

Vcc Voltage 

4.5 

5.5 

V 

Respect to Vgg 
Power Dissipation 

1.25W 

Vbb Voltage 

-5.5 

-4.5 

V 


DC Electrical Characteristics 

= 0°C to +70°C, Vqd = +12V ±10%, Vqc “ +5V ±10%, Vge (Note 2) = — 5V ±10%, Vs 3 = OV, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Ili 

Input Load Current 

V|N = OV to V|H max, (All Inputs 
Except CE) 


0.01 

10 

pA 

Ilc 

Input Load Current 

V|M = OV to V|„c max 


0.01 

10 

pA 

I^LO 1 

Output Leakage Current Up For 
High Impedance State 

CE = V|Lc or CS = V|H, Vq = OV to 5.25V 


0.01 

10 

pA 

•ddi 

VpD Supply Current During 
CE "OFF" 

CE = -1Vto -^6V, Note 4 


110 

300 

pA 

IdD2 

Vpp Supply Current During 
CE "ON" 

CE = V|hc. Ta =25°C 


20 

40 

mA 

'dp AVI 

Average Vpp Current 

o Cycle Time = 400 ns. tpE = 230 ns 

Ta = 25 C 


35 

60 

mA 

•dp AV2 

Average Vpp Current 

Cycle Time = 1000 ns, = 230 ns 


15 

30 

mA 

Icci 

Vj-Q Supply Current During 
CE "OFF" 

CE = V|Lc or S = V|H,(Note 5) 


0.01 

10 

pA 

IsB 

Vge Supply Current Average 



5 

100 

pA 

V|L 

Input Low Voltage 

t-r = 20 ns (Figure 4) 

-1.0 


0.6 

V 

V|H 

Input High Voltage 


2,4 


Vcc + 1 

V 

V,LC 

CE Input Low Voltage 


-1.0 


1.0 

V 

V|HC 

CE Input High Voltage 


Vpp-1 


VpD + 1 

V 

0 

> 

Output Low Voltage 

Iq L ~ 2.0 m A 

0.0 


0.45 

V 

VoH 1 

Output High Voltage 

Iqh ~ ■“2.0 mA 

2.4 


< 

o 

V 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Tem- 
perature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides 
conditions for actual device operation. 

Note 2: The only requirement for the sequence of applying voltage to the device is that Vqq, VcC- 3nd Vss should never be 0.3V more negative 
than Vgg. 

Note 3: Typical values are for T/\ = 25°C and nominal power supply voltages. 

Note 4: The Iqq and Iqq currents flow to Vss- The Ibb current is the sum of all leakage currents. 

Note 5: During CE "ON" Vqq supply current is dependent on output loading, Vqq is connected to output buffer only. 


AC Electrical Characteristics = o°c to -h7o°c, Vdd = i2v ±10%, Vcc = bv ±10%, Vbb = -sv ±10% 


SYMBOL 1 PARAMETER | CONDITIONS 

1 MIN 

1 1 

1 MAX 1 

UNITS 

READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE 






Iref 

Time Between Refresh 




|n| 

ms 

^AC 

Address to CE Set-Up Time 

tAc 'S Measured From End of Address Transition 

0 



ns 

Iah 

Address Hold Time 


50 



ns 

tec 

CE "OFF" Time 


130 



ns 

It 

CE Transition Time 


10 



ns 

tcF 

CE "OFF" to Output High 
Impedance State 


0 

■ 

■1 

ns 


READ CYCLE 


*CY 

Cycle Time 


400 

■■■ 


ns 

fCE 

CE "ON" Time 


230 


3000 

ns 

Ico 

CE Output Delay 

Cload ~ Load = 1 TTL Gate, Ref = 2.0V, 

^Acc " ^ac 1 W 


■ 

180 

ns 

Iacc 

Address to Output Access 



200 

ns 

tWL 

CE to WE 


0 



ns 

twe 

WE to CE "ON" 


0 



ns 
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AC Electrical Characteristics (Continued) 

Ta = 0°C to +70°C, Vdd = 12V ±10%, Vcc = 5V ±10%. Vbb= ~5% ± 10% 


SYMBOL 


WRITE CYCLE 



Switching Time Waveforms 


MAX UNITS 


Cycle Time 


400 

CE "ON” Time 


230 

WE to CE "OFF" 


150 

CE to WE 

t^ = 20 ns 

100 

D|m to CE Set-Up 


150 

Dim Hold Time 


0 

WE Pulse Width 


50 



Read and Refresh Cycle'^ 


^ADDRESS VALID 
k'AH (50)- 


-tcY (000) 

ADDRESS CAN CHANGE 
~ It (20)—^ 


ADDRESS VALID 
I— It (20) 


HIGH 

JMPEDANCE 


I .. HIGH . 
IMPEDANCE 


1 



WM SSS M 



Note 1 : For refresh cycle, row and column addresses must be stable before t^c snd remain stable for entire t^n period. 
Note 2: Vn. max is the reference level for measuring timing of the address, CS and 0|fg. 

Note 3: V|h min is the reference level for measuring timing of the addresses, CS and Dtig* 

Note 4: V^s * 2.0V is the reference level for measuring timing of CE. 

Note 5: Vqd ~ 2V is the reference level for measuring timing of CE. 

Note 6: V$s 2.0V is the reference level for measuring the timing of Dqut ^ ^‘9^ output. 
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AC Electrical Characteristics (Continued) 

Ta = 0°C to +70°C, Vdd = 12V ±10%, Vcc = 5V ±10%. Vbb = “5% ±10% 


SYMBOL I 

PARAMETER 

1 CONDITIONS 

1 MIN 

1 

1 MAX 

1 UNITS 

READ/MODIFY/WRITE CYCLE 

fRWC 

Read Modify Write (BMW) 


520 



ns 


Cycle Time 






fcRW 

CE Width During BMW 


350 


3000 

ns 

fwc 

W to CE "ON" 


0 



ns 


WE to CE "OFF" 


150 



ns 



tr = 20 ns, Clqad = P^, Load = 1 TTL Gate, 





fwp 

WE Pulse Width 

Ref = 2.0V, t^cc “ tAC tco ^ tj 

50 



ns 

to 

Dim to CE Set-Up 


150 



ns 

toH 

Dim Hold Time 


0 



ns 

*00 

CE to Output Delay 




180 

ns 

two 

WE to Dqut Invalid 


0 




*ACC 

Access Time 




200 

ns 

CAPACITANCE (Note 1) 

T* = 25°C 





Cad 

Address Capacitance, CS 

^IN = '/ss 

jH^HI 

mm 

■■■ 

pF 

CcE 

CE Capacitance 

< 

z 

< 




pF 

Cqut 

Data Output Capacitance 

VouT=0V 


mm 


pF 

C,N 

D|m and WE Capacitance 

> 

If 

Z 

> 

1^1 

MM 

I^BI 

pF 


Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV with the current 
equal to a constant 20 mA. ’ 


Switching Time Waveforms (Continued) 

Read Modify Write Cycle 



Note 1 : WE must be high until end of 

Note 2 ; V|L max is the reference level for measuring timing of the address, CS, D|n and WE. 
Note 3; V|h min is the reference level for measuring timing of the address, CS, D|n and WE. 
Note 4: Vss 2.0V is the reference level for measuring timing of CE. 

Note 5: Vqd ~ 2V is the reference level for measuring timing of CE. 

Note 6: Vss the reference level for measuring the timing of Dqut ^ ^<9^ output. 
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National 

Semiconductor 


NMOS RAMS 


l)^M5280-5 4096-Bit (4096 x 1) Dynamic RAM 


General Description 


The MIVI5280-5 is a slower speed version of National's 
MM5280. Please refer to the MM5280 specification 
for pin configuration, block diagram and switching 
time waveforms. 


Features 

■ Access time— 270 ns 

■ Cycle time-470 ns 


Absolute Maximum Ratings (Note 1) 

Storage Temperature -65“C to +150°C 

All Input or Output Voltages with Respect -0.3V to +25V 
to the Most Negative Supply Voltage, Vg0 
Supply Voltages Vqq, \/qq and Vss with -0.3V to +20V 

Respect to Vg0 

Power Dissipation 1.25W 


Operating Conditions 

MIN 

MAX 

UNITS 

Operating Temperature Range 

0 

+70 

°C 

Vdd Voltage 

11.4 

12.6 

V 

Vcc Voltage 

4.75 

5.25 

V 

V00 Voltage 

-5.25 

-4.75 

V 


Order Number MM5280J-5 
See NS Package J22A 


. , . Order Number MM5280N-5 

DC Electrical Characteristics see ns package n22a 

Ta =0°C to +70°C Vqq = +12V ±5%, Vcc = +5V ±5%, V 00 (Note 2) = ~5V ±5%, Vss “ 0^- unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

lu 

Input Load Current 

V|M = OV to V|H max, (All Inputs 


0.01 

10 

^A 



Except CEI 





■lc 

Input Load Current 

V|M = OV to V|Hc max 


0.01 

10 


^IlO I 

Output Leakage Current Up For 
High Impedance State 

CE = V|lq or CS = V|H, Vq = OV to 5.25V 


0.01 

10 

ma 

foot 

Vqq Supply Current During 
CE "OFF" 

CE =-lV to +6V, Note 4 


110 

300 

HA 

IdD2 

Vqq Supply Current During 
CE "ON" 

CE = V,HC. Ta = 25°C 


20 

40 

mA 

•do AVI 

Average Vqq Current 

„ Cycle Time = 400 ns, tec = 230 ns 

Ta = 25 C 


35 

60 

mA 

loo AV2 

Average Vqq Current 

Cycle Time = 1000 ns, tgg = 230 ns 


15 

30 

mA 

fcci 

Vqq Supply Current During 
CE "OFF" 

CE = V,LC or CS = ViH.fNote 5) 


0.01 

10 

tiA 

Ibb 

Vgg Supply Current Average 



5 

100 

pA 

V|L 

Input Low Voltage 

t-j- = 20 ns 

-1.0 


0.6 

V 

V,H 

Input High Voltage 


2.4 


Vqc + I 

V 

V|UC 

CE Input Low Voltage 


-1.0 


1.0 

V 

V,HC 

CE Input High Voltage 


Vqq-1 


Vqd + 1 

V 

VoL 

Output Low Voltage 

Iq L ~ 2.0 m A 

0.0 


0.45 

V 

VOH 

Output High Voltage 

“ 2.0 mA 

2.4 


< 

0 

0 

V 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Tem- 
perature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2 : The only requirement for the sequence of applying voltage to the device is that V^q, Vqq, and Vss should never be 0.3V more negative 
than V00. 

Note 3: Typical values are for T/\ = 25°C and nominal power supply voltages. 

Note 4: The Iqd and Iqq currents flow to Vss- ^he I00 current is the sum of all leakage currents. 

Note 5: During CE "ON" Vqc supply current is dependent on output loading, V^c <s connected to output buffer only. 
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MM5280-5 


AC Electrical Characteristics 





Ta = 0°c to -H70°c, Vdd = 12V ±5%, Vcc = 5V ±5%, = -5V ±5% 





SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

READ, WRITE, READ/MODIFY/WRITE, AND REFRESH CYCLE 

*REF 

Time Between Refresh 




2 

ms i 

^AC 

Address to CE Set-Up Time 

tAc is Measured From End of Address Transition 

0 



ns 

tAH 

Address Hold Time 


50 



ns 

tcc 

CE “OFF" Time 


130 



ns 

tT 

CE Transition Time 


10 


40 

ns 

tcF 

CE "OFF" to Output High 
Impedance State 


0 

■ 


ns 

READ CYCLE 

tcY 

Cycle Time 


470 



ns 

tcE 

CE "ON" Time 


300 


3000 

ns 

tco 

CE Output Delay 

^LOAD “ Load = 1 TTL Gate, Ref = 2.0V, 

Iacc “ *AC *co ' 't 



250 

ns 

Iacc 

Address to Output Access 




270 

ns 

twL 

CE toVi^ 


0 



ns 

*WC 

WE to CE "ON" 


0 



ns 

WRITE CYCLE 

tcY 

Cycle Time 


470 



ns 

^CE 

CE "ON" Time 


300 


3000 

ns 

tw 

WE to CE "OFF" 


150 



ns 

^CW 

CE to WE 

t-r = 20 ns 

130 



ns 


D|m to CE Set-Up 


150 



ns 

tpH 

Dim Hold Time 


0 



ns 

*WP 

WE Pulse Width 


50 



ns 

READ/MODIFY/WRITE CYCLE 

'rwc 

Read Modify Write (RMWl 
Cycle Time 


590 

■ 


ns 

tcRW 

CE Width During RMW 


420 


3000 

ns 

'wc 

to CE "ON" 


0 

H 


ns 

tw' 

WE to CE "OFF" 


150 



ns 




= 20 ns, C, = 50 pF, Load = 1 TTL Gate, 





twP 

WE Pulse Width 

Ref = 2.0V, ~ *AC ^ *co ^ ^ fy 

50 



ns 


D|m to CE Set-Up 


150 



IS 

*DH 

Dim Hold Time 


0 



ns 

^co 

CE to Output Delay 




250 

ns 

two 

WE to Dqut Invalid 


0 




*ACC 

Access Time 




270 

ns 

CAPACITANCE (Note 1 1 

Ta = 25°C 





Cad 

Address Capacitance, CS 

V,M - Vss 


B 


pF 

CcE 

CE Capacitance 

< 

2 

< 


mm 


pF 

Cqut 

Data Output Capacitance 

VouT = OV 


D 


pF 

C|N 

D|m and WE Capacitance 

< 

2 

< 


■■ 


pF 

Note 1: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = 

lAt/AV with the current 

equal to a constant 20 mA. 
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National 

KA Semiconductor 


NMOSRAMs 


MM5290*16, 384-Bit (16,384 x 1) Dynamic RAM 


General Description 

The MM5290 is a 16,384 x 1 bit dynamic RAM. It 
features a multiplexed address input with separate row 
and column strobes. This added flexibility allows the 
MM5290 to be used in page mode operation. 

The MM5290 must be refreshed every 2 ms. This can be 
accomplished by performing any cycle which brings the 
Row Address Strobe active including a RAS-only cycle 
at each of the 128 row addresses. 

N-channel double-poly silicon gate technology, developed 
by National, is used in the manufacture of the MM5290. 
This process combines high density and performance 
with reliability. Greater system densities are achievable 


by the use of a 16-pin dual-in-line package for the 
MM5290. 

Features 

■ Access times: 150 ns, 200 ns, 250 ns 

■ Low power; 528 mW max 

■ TTL compatible: all inputs and output 

■ Gated CAS— noncritical timing 

■ Read, Write, Read-Modify-Write and RAS-only 
Refresh cycles 

■ Page mode operation 

■ Industry standard 16-pin configuration 


Block Diagram 



Connection Diagram 

Dual-ln-Line Package 



Pin Names 

—a 


RAS 

Row Address Strobe 



CAS 

Column Address Strobe 



WE 

Write Enable 

— 

AO 

A0-A6 

Address Inputs 



A1 

Dl 

Data Input 


A2 

DO 

Data Output 



Vqd 

Power (12V) 

■ ' 

A3 

Vcc 

Power (5V) 

— 

A4 

Vss 

Ground 

— 

AS 

Vbb 

Power (— 5V) 

— 

A6 


Logic Diagram 


• Vcc 


'See the MST^^ Program page 3. 


Order Number MM5290J-2, MM5290J-3, 
or MM5290J-4 
See NS Package J16A 

Order Number MM5290N-2, MM5290N-3, 
or MM5290N-4 
See NS Package N16A 
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MM5290 


Absolute Maximum Ratings (Note 1 ) 

Storage Temperature -65°C to -i-150°C 

Power Dissipation , 1W 

Voltage on Any Pin Relative to VgB -0.3V to -H20V 

(VSS- VbB>4.5V) 

Lead Temperature (Soldering, 10 seconds) 300°C 

Recommended DC Operating Conditions 

SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

NOTES 

Ta 

Ambient Temperature 

0 

70 

°C 


VdD 

Supply Voltages 

10.8 

13.2 

V 

2, 3 

Vcc 


4.5 

5.5 

V 

2, 3 

Vss 


0 

0 

V 

2, 3 

VbB 


-4.5 

-5.5 

V 

2,3 

V|HC 

Input High Voltage, RAS, CAS, WE 

mm 

7.0 

V 

2 

V|H 

Input High Voltage, AO— A6, Dl 

mm 

7.0 

V 

2 

V|L 

Input Low Voltage, All Inputs 

-1.0 

0.8 

V 

2 

DC Electrical Characteristics over the range of Recommended DC Operating Conditions unless otherwise noted 

SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

NOTES 


Operating Current 


35 

mA 

4 

HhH 

Average Power Supply Operating Current 




5 


(RAS, CAS Cycling; tRc= tpcMIN) 


200 

pA 


IdD2 

Standby Current 


1.5 

mA 


ICC2 

Power Supply Standby Current (RAS = V|hc. 

-10 

10 

ma 


IbB2 

D0= High Impedance) 


100 

pA 


IdD3 

Refresh Current 


25 

mA 

4 

ICC3 

Average Power Supply Current, Refresh Mode 

-10 

10 

pA 


IbB3 

(RAS Cycling, CAS = V|HC>' tRC = ^RC MIN) 


200 

pA 


IdD4 

Page Mode Current 


27 

mA 

4 

ICC4 

Average Power Supply Current, Page Mode 




5 

IbB4 

(RAS = V 1 [_, CAS Cycling; tpQ = 225 ns) 


200 

pA 


'I(L) 

Input Leakage 

Input Leakage Current, Any Input 
(Vbb = -5V, OV < V|N < 7V, All Other 
Pins not Under Test = OV) 

-10 

10 

pA 


'O(L) 

Output Leakage 

Output Leakage Current (DO is Disabled, 
0 V<Vqut<5.5V) 

-10 

10 

pA 



Output Levels 





VOH 

Output High Voltage (Iqut “ 

2.4 


V 


VOL 

Output Low Voltage (IquT “ 4.2 mA) 



0.4 

V 


CAPACITANCE 

C| 

Input Capacitance AO— A6, Dl 


5 

PF 

6 

cc 

Input Capacitance RAS, CAS, WE 


10 

pF 

6 

Co 

Output Capacitance, DO 


7 

pF 

6 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Recommended DC Operating 
Conditions" provides conditions for actual device operation. 

Note 2: All voltages referenced to Vgs- When applying voltages to the device, Vqq, Vqq 

or Vss should never be 0.3V more negative than Vgs. 

Note 3: Several cycles are required after power-up before proper device operation is achieved. Any 8 RAS cycles are adequate for this purpose. 

Note 4: Idd 1< 'DD3> ^004 depend on cycle rate. 

Note 5: Iqq depends on output load. 





Note 6: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV. Capacitance is guaranteed 
by periodic testing. 
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AC Electrical Characteristics 

Over the range of Recommended DC Operating Conditions unless otherwise noted 



MM5290-2 1 

MM5290-3 1 

MM5290-4 1 

1 IMITC 

Mr^TCO 

SYMBOL 

PARAMETER 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNI 1 O 

NU 1 Co 

IRC 

Random Read or Write Cycle Time 

375 


375 


410 


ns 

7,8 

tRWC 

Read-Write Cycle Time 

375 


375 


515 


ns 

7, 8 

tPC 

Page Mode Cycle Time 

170 


225 


275 


ns 


tRAC 

Access Time from RAS 


150 


200 


250 

ns 

9, 11 

fCAC 

Access Time from CAS 


100 


135 


165 

ns 

10, 11 

tOFF 

Output Buffer Turn-Off Delay 

0 

40 

0 

50 

0 

60 

ns 

12 

tT 

Transition Time (Rise and Fall) 

3 

35 

3 

50 

3 

50 

ns 


*RP 

RAS Precharge Time 

100 


120 


150 


ns 


tRAS 

RAS Pulse Width 

150 

10,000 

200 

10,000 

250 

10,000 

ns 


tRSH 

RAS Hold Time 

100 


135 


165 


ns 


fCSH 

CAS Hold Time 

150 


200 


250 


ns 


fCAS 

^ Pulse Width 

100 

10,000 

135 

10,000 

165 

10,000 

ns 


fRCD 

RAS to CAS Delay Time 

20 

50 

25 

65 

35 

85 

ns 

9 

fCRP 

CAS to RAS Precharge Time 

-20 


-20 


-20 


ns 


tASR 

Row Address Set-Up Time 

0 


0 


0 


ns 


tRAH 

Row Address Hold Time 

20 


25 


35 


ns 


tASC 

Column Address Set-Up Time 

-10 


-10 


-10 


ns 


tCAH 

Column Address Hold Time 

45 


55 


75 


ns 


tAR 

Column Address Hold Time Referenced to RAS 

95 


120 


160 


ns 


fRCS 

Read Command Set-Up Time 

0 


0 


0 


ns 


tRCH 

Read Command Hold Time 

0 


0 


0 


ns 


tWCH 

Write Command Hold Time 

45 


55 


75 


ns 


tWCR 

Write Command Hold Time Referenced to RAS 

95 


120 


160 


ns 


twp 

Write Command Pulse Width 

45 


55 


75 


ns 


tRWL 

Write Command to RAS Lead Time 

60 


80 


100 


ns 


tCWL 

Write Command to CAS Lead Time 

60 


80 


100 


ns 


«DS 

Data-In Set-Up Time 

0 


0 


0 


ns 

13, 14 

tDH 

Data-In Hold Time 

45 


55 


75 


ns 

13, 14 

tDHR 

Data-In Hold Time Referenced to RAS 

95 


120 


160 


ns 


tCP 

CAS Precharge Time (for Page Mode 

60 


80 


100 


ns 



Cycle Only) 









tREF 

Refresh Period 


2 


2 


2 

ms 


twcs 

WE to CAS Set-Up Time 

-20 


-20 


-20 


ns 

14 

tCWD 

CAS to WE Delay 

70 


95 


125 


ns 

15 

tRWD 

RAS to WE Delay 

120 


160 


200 


ns 

15 


Note 7: The specifications for tRCdvnfg) and tR\/\/c(|\/||[\j) are used only to indicate cycle time at which proper operation over the full tempera- 
ture range is guaranteed. 

Note 8: Transition times are measured between V||-ic o'" V(H and V|l- Timing measurements are made between V|hc(MIN) V|H(MIN) and 
V|L((yiAX)< and assume tj = 5 ns. 

Note 9: Assumes row-limited access, i.e., tpcp < tRCD(iyAX)- condition is not satisfied, then note 10 applies. 

Note 10: Assumes column-limited access, i.e., tRCQ > tpcDlMAX)- 

Note 11 : Equivalent load is 2 standard TTL inputs plus 100 pF. 

Note 12; CAS going high disables the Data Output. tQFF delay to the high impedance state. 

Note 13: These parameters are referenced to the negative edge of CAS in an early-write cycle and to the negative edge of WE in a Read-Modify- 
Write cycle. (See Note 12). 

Note 14: If tyycs > tWCS(MIN)> ^ata Output is guaranteed to remain in the high impedance state for the duration of the cycle. This is the 
"early-write" cycle. 

Note 15: If tcwD ^ fCWD(MIN) tpyyD > tRvyD((y||N), the Data Output will contain the original data in the selected cell. This is the Read- 
Modify-Write cycle. If either of these conditions is not satisfied, the output will be indeterminate unless the early-write condition of Note 12 is met. 
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NMOS RAMS 


mji Semiconductor 

MM5298** 8192-Bit (8192 x 1) Dynamic RAM 


General Description 


The MM5298 is an8192x 1-bitdynamic RAM. Itfeatures 
a multiplexed address input with separate row and col- 
umn strobes. This added flexibility allows the MM5298 
to be used in page mode operation. The MM5298 
employs the same masks and highly reliable production- 
proven 2-layer polysilicon NMOS technology as the 
MM5290. 

As shown in the block diagram, the MM5298 is available 
as either the upper or lower half of the MM5290. Address 
A5 selects the operating half. For MM5298A, A5 should 
be low (V||_) during row address hold time (tpAHi- 
MM5298B, A5 should be high (V|h) during tpAH- The 
MM5298 requires only 64 cycles of Refresh every 2 ms. 
This can be accomplished by performing any cycle 
which brings the RAS active including an RAS-only 
cycle at each of the 64 row addresses used. 


Features 

■ 100% DC and AC compatible with MM5290 

■ Only 64 Refresh cycles every 2 ms 

■ Access Times; 1 50 ns, 200 ns, 250 ns 

■ Low power: 528 mW max 

■ TTL compatible; all inputs and output 

■ Gated CAS-noncritical timing 

■ Read, Write, Read-Modify-Write and RAS-only 
Refresh cycles 

■ Page mode operation 

■ Industry standard 16-pin configuration 


Block Diagram 



Connection Diagram 

Dual-ln-Line Package 


Logic Diagram 




*^For MM5298A A5 must be at V||_ during tR/^|-|. 

For MM5298B A5 must be at V|h during tpj/^H- 
'^See the MST^^ Program page 3. 


RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

AO— A6 Address Inputs 
□ I Data Input 

DO Data Output 

VdD Power (12V) 

Vcc Power (5V1 

V5S Ground 

Vbb Power (— 5V) 

Order Number MM5298AJ-2, MM5298BJ-2, 
MM5298AJ-3, MM5298BJ-3, 
MM5298AJ-4 or MM5298BJ4 
See NS Package J16A 

Order Number MM5298AN-2, MM5298BN-2, 
MM5298AN-3, MM5298BN-3, 
MM5298AN4 or MM5298BN-4 
See NS Package N 16A 
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MM5298 


Absolute Maximum Ratings iNoten 

Storage Temperature -65°C to +150°C 

Power Dissipation 1W 

Voltage on Any Pin Relative to Vbb -0.3V to ^-20V 





(VSS- VbB>4.5V) 

Lead Temperature (Soldering, 10 seconds) 300°C 

Recommended DC Operating Conditions 





SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

NOTES 

Ta 

Ambient Temperature 

0 

70 

°C 


VdD 

Supply Voltages 

10.8 

13.2 

V 

2, 3 

Vcc 


4.5 

5.5 

V 

2, 3 

Vss 


0 

0 

V 

2, 3 

Vbb 


-4.5 

-5.5 

V 

2, 3 

V|HC 

Input High Voltage, RAS, CAS, WE 

mm 

7.0 

V 

2 

V|H 

Input High Voltage,, AO— A6, Dl 

■■ 

7.0 

V 

2 

V|L 

Input Low Voltage, All Inputs 

-1.0 

0.8 

V 

2 

DC Electrical Characteristics over the range of Recommended DC Operating Conditions unless otherwise noted 

SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

NOTES 

Iddi 

Operating Current 


40 

mA 

4 

Icci 

Average Power Supply Operating Current 




5 

Ibbi 

(RAS, CAS Cycling; tRC = tRC MIN) 


200 

pA 


'DD2 

Standby Current 


1.5 

mA 


ICC2 

Power Supply Standby Current (RAS = V|HC. 

-10 

10 

pA 


'BB2 

DO= High Impedance) 


100 

pA 


IDD3 

Refresh Current 


30 

mA 

4 

'CC3 

Average Power Supply Current, Refresh Mode 

-10 

10 

pA 


IbB3 

(RAS Cycling, CAS = V|HC: tRC = tRC MIN) 


200 

pA 


IdD4 

Page Mode Current 


32 

mA 

4 

iCC4 

Average Power Supply Current, Page Mode 




5 

'BB4 

(RAS - V| CAS Cycling; tpQ = 225 ns) 


200 

pA 


l|(L) 

Input Leal<age 

Input Leakage Current, Any Input 
(Vbb = -5V, OV < V|N < 7V, All Other 
Pins not Under Test = OV) 

-10 

10 

pA 


'O(L) 

Output Leakage 

Output Leakage Current (DO is Disabled, 
0V< VouT<5-5V) 

-10 

10 

pA 



Output Levels 

■■ 




VOH 

Output High Voltage (IquT “ tnA) 



V 


VOL 

Output Low Voltage doUT ” tnA) 

■■■ 

0.4 

V 


CAPACITANCE 

C| 

Input Capacitance AO— A6, Dl 


5 

pF 

6 

Cc 

Input Capacitance RAS, CAS, WE 


10 

pF 

6 

Co 

Output Capacitance, DO 


7 

pF 

6 

Note 1; "Absolute 

Maximum Ratings" are those values beyond which the safety of the 

device cannot be guaranteed. Except for "Operating 

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Recommended DC Operating 

Conditions" provides conditions for actual device operation. 





Note 2: All voltages referenced to Vsg. When applying voltages to the device, V[)d, ^CC 

or Vgs should never be 0.3V more negative than Vge- 

Note 3: Several cycles are required after power-up before proper device operation is achieved. Any 8 RAS cycles are adequate for this purpose. 

Note 4: Iddi< ^003' Idd4 depend on cycle rate. 

Note 5: Iqq depends on output load. 





Note 6: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV. Capacitance is guaranteed 

by periodic testing. 
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AC Electrical Characteristics 

Over the range of Recommended DC Operating Conditions unless otherwise noted 


SYMBOL 

PARAMETER 

MM5298-2A, 

MM5298-2B 

MM5298-3A, 

MM5298-3B 

MM5298-4A, 

MM5298-4B 

UNITS 

1 

NOTES 

MIN 

MAX 

MIN 

MAX 1 

MIN 

MAX 

IRC 

Random Read or Write Cycle Time 

375 


375 ‘ 


410 


ns 

7,8 

IRWC 

Read-Write Cycie Time 

375 


375 


515 


ns 

7,8 

tpc 

Page Mode Cycle Time 

170 


225 


275 


ns 


tRAC 

Access Time from RAS 


150 




250 

ns 

9, 11 

tCAC 

Access Time from CAS 


100 




165 

ns 

10, 11 

tOFF 

Output Buffer Turn-Off Delay 

0 

40 

0 

50 

0 

60 

ns 

12 

tT 

Transition Time (Rise and Fall) 

3 

35 

3 

50 

3 

50 

ns 


*RP 

RAS Precharge Time 

100 


120 


150 


ns 


tRAS 

R^ Pulse Width 

150 

10,000 

200 

10,000 

250 

10,000 

ns 


tRSH 

RAS Hold Time 

100 


135 


165 


ns 


tCAS 

CAS Pulse Width 

100 

10,000 

135 

10,000 

165 

10,000 

ns 


tRCD 

RAS to CAS Delay Time 

20 

50 

25 

65 

35 

85 

ns 

9 

tCRP 

CAS to RAS Precharge Time 

-20 


-20 


-20 


ns 


tASR 

Row Address Set-Up Time 

0 


0 


0 


ns 


tRAH 

Row Address Hold Time 

20 


25 


35 


ns 


tASC 

Column Address Set-Up Time 

-10 


-10 


-10 


ns 


tCAH 

Column Address Hold Time 

45 


55 


75 


ns 


tAR 

Column Address Hold Time Referenced to RAS 

95 


120 


160 


ns 


tRCS 

Read Command Set-Up Time 

0 


0 


0 


ns 


tRCH 

Read Command Hold Time 

0 


0 


0 


ns 


twCH 

Write Command Hold Time 

45 


55 


75 


ns 


tWCR 

Write Command Hold Time Referenced to RAS 

95 


120 


160 


ns 


twP 

Write Command Pulse Width 

45 


55 


75 


ns j 


tRWL 

Write Command to RAS Lead Time 

60 


80 


100 


ns 


tCWL 

Write Command to CAS Lead Time 

60 


80- 


100 


ns 


IDS 

Data-In Set-Up Time 

0 


0 


0 


ns ' 

13, 14 

tDH 

Data-In Hold Time 

45 


55 


75 


ns 

13, 14 

tDHR 

Data-In Hold Time Referenced to RAS 

95 


120 


160 


ns 


tCP 

CAS Precharge Time (for Page Mode 

60 


80 


100 


ns 


! 

Cycle Only) 









tREF 

Refresh Period 


2 


2 


2 

ms 


twcs 

i^to CAS Set-Up Time 

-40 


-40 


-40 


ns 

14 

tCWD 

CAS to WE Delay 

70 


95 


125 


ns 

15 

tRWD 

R^ to WE Delay 

120 


160 


200 


ns 

15 


Note 7: The specifications for tRC(MIN) ^RWC(MIN) used only to indicate cycle time at which proper operation over the full tempera- 
ture range is guaranteed. 

Note 8: Transition times are measured between V|hc '^IH ^IL- Timing measurements are made between V|hq(|\/]|m) or V|h(MIN) 
V|l(maX)- 'T ^ 5 ns. 

Note 9; Assumes row-limited access, i.e., tpcD ^ *RCD(MAX)- *his condition is not satisfied, then note 10 applies. 

Note 10: Assumes column-limited access, i.e., tRco > tRCDIMAXI- 
Note 1 1 : Equivalent load is 2 standard TTL inputs plus 100 pF. 

Note 12: CAS going high disables the Data Output. tQFF 's the delay to the high impedance state. 

Note 13: These parameters are referenced to the negative edge of CAS in an early-write cycle and to the negative edge of WE in a Read-Modify- 
Write cycle. (See Note 14 below). 

Note 14: If tyycs > tyycs(MIN)' 'he Data Output is guaranteed to remain in the high impedance state for the duration of the cycle. This is the 
"early-write" cycle. 

Note 15: If tcwD ^ 'CWD(MIN) IRWD ^ iRWD(MIN)- 1^® Data Output will contain the original data in the selected cell. This is the Read- 
Modify-Write cycle. If either of these conditions is not satisfied, the output will be indeterminate unless the early-write condition of Note 12 is met. 
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National 

Semiconductor 


NMOS RAMS 

PREVIEW 


NMC 4164 t 65,536-Bit (65,536 X 1) Dynamic RAM 

General Description Features 


The NMC4164 is a 65,536 x 1 bit dynamic RAM. It features a 
multiplexed address input with separate row and column 
strobes. 

The NMC4164 must be refreshed every 4 ms. This can be 
accomplished by performing any cycle which brings the 
Row Address Strobe active including an RAS (RE)-only 
cycle at each of the 256 row addresses. 

N-channel triple-polysilicon gate technology, developed 
by National, is used in the manufacture of the NMC4164. 
This process combines high density and performance 
with reliability. 


Block and Connection Diagrams' 


Features 

■ Single 5V± 10% supply 

■ 256 cycle 4 ms refresh 

■ Access times: 

NMC4164-1 120 ns 

NMC4164-2 150 ns 

■ Low power 250 mW 

■ TTL compatible: all inputs and output 

■ Gated CE — noncritical timing 

■ Read, write, read-modify-write and RAS (i^)-only 
refresh cycles 

■ Buried refresh option 

■ Page mode operation 

■ Industry standard 16-pin configuration 

■ TRI-STATE® output 

■ On-chip substrate bias generator 



Dual-ln-Line Package 



Order Number NMC4164J-X* 
See NS Package J16A 

Order Number NMC4164N-X* 
See NS Package N16A 


RAS (RE) Row Address Strobe 
CAS (CE) Column Address Strobe 
WE(W) Write Enable 
A0-A7 Address Inputs 
DI(D) Data Input 

DO(Q) Data Output 

VCC Power (5V) 

VSS Ground 


fSee the MST^^ Program page 3. 

' Symbols In parentheses are proposed industry standard. 
*X = Speed selection 
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Absolute Maximum Ratings (Note d 

Operating Temperature Range 0°Cto+70°C VoitageonAnyPinRelativetoVSS -1.0to+7V 

Storage Temperature -65°Cto + 150°C LeadTemperature(Soldering, tOseconds) 300°C 

Power Dissipation 1W 

Recommended DC Operating Conditions 


Symbol 

Parameter 

Min 

Max 

Units 

Notes 

TA 

Ambient Temperature 

0 

70 

°C 


VCC 

VSS 

Supply Voltages 

4.5 

0 

5.5 

0 

V 

V 

2,3 

2,3 

VIH 

Input High Voltage, All Inputs 

ro 

7.0 

V 

2 

VIL 

Input Low Voltage, All Inputs 

-1.0 

0.8 

V 

2 


DC Eiectricai Characteristics 

Over the range of Recommended DC Operating Conditions unless otherwise noted 


Symbol 

Parameter 

Min 

Max 

Units 

Notes 

ICC1 

Operating Current 

Average Power Supply Operating Current 
(RE, CE Cyciing; TRELREL = TRELREL Min) 


45 

mA 

4 

ICC2 

Standby Current 

Power Suppiy Standby Current (RE = VIH, 
Q = High Impedance) 


4 

mA 


ICC3 

Refresh Current 

Average Power Supply Current, Refresh Mode 
CE Cycling, CE = VIH; TRELREL = TRELREL Min) 


35 

mA 

4 

ICC4 

Page Mode Current 

Average Power Supply Current, Page Mode 
(RE = VIL, ^ Cycling; TCELCEL = 100 ns) 


37 

mA 

4 

II 

Input Leakage 

Input Leakage Current, Any Input 
(0V<VIN<7V, All Other Pins not Under Test = 0V) 

-10 

10 

^A 


lOZ 

Output Leakage 

Output Leakage Current (Q is Disabied, 
OV<VOUT<5.5V) 

-10 

10 



VOH 

VOL 

Output Levels 

Output High Voitage (lOUT = - 5 mA) 
Output Low Voltage (IOUT = 4.2 mA) 

m 

0.4 

V 

V 



Capacitance 


Symbol 

Parameter 

Max 

Units 

Notes 

Cl 

Input Capacitance A0-A6, D 

5 

PF 

5 

cc 

Input Capacitance RE, CE, W 

10 

PF 

5 

CO 

Output Capacitance, Q 

7 

pF 

5 


Note 1; “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated attheselimits. The table of “Recommended DC Operating Conditions" provides con- 
ditions for actual device operation. 

Note 2: All voltages referenced to VSS. When applying voltages to the device. VCC should never be 1.0V more negative than VSS. 

Note 3: Several cycles are required after power-up before proper device operation is achieved. Any 8 RE cycles are adequate tor this purpose. 

Note 4: ICC1, ICC3 and ICC4 depend on cycle rate. 

Note S: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV. Capacitance is guaranteed by periodic 
testing. 
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Read Cycle AC Electrical Characteristics (Notes 1, 2, 3 and 4) 


Symbol { 

Parameter 

I NMC4164-1 1 

1 NMC4164-2 

Units 

Notes 

Alternate 

standard 

Min 

Max 

Min 

Max 

tRC 

TRELREL 

Random Read Cycle Time 

270 


305 


ns 


^RAS 

TRELREH 


140 

10,000 

165 

10,000 

ns 


tRP 

TREHREL 

RAS Precharge Time 

120 


130 


ns 


»T 

TH1H2 

Rise Time 

3 

50 

3 

50 

ns 


tT 

TL2L1 

Fail Time 

3 

50 

3 

50 

ns 


tRCD 

TRELCEL 

RAS to CAS Delay Time 

25 

55 

30 

60 

ns 

5 

<RSH 

TCELREH 

RAS Hold Time 

85 


100 


ns 


tcSH 

TRELCEH 

CAS Hold Time 

135 


150 


ns 


tcAS 

TCELCEH 

CAS Pulse Width 

80 

10,000 

100 

10,000 

ns 


tcp 

TCEHCEL 

CAS Precharge Time 

70 


80 


ns 

6 

USR 

TAVREL 

Row Address Set-Up Time 

0 


0 


ns 


tpAH 

TRELAX 

Row Address Hold Time 

20 


25 


ns 


Use 

TAVCEL 

Column Address Set-Up Time 

0 


0 


ns 


Uah 

TCELAX 

Column Address Hold Time 

25 


30 


ns 


Ur 

TRELA(C)X 

Column Address Hold Time Referenced 
to RAS 

80 

m 

90 

■ 

ns 

7 

Ucs 

TWHCEL 

Read Command Set-Up Time 

0 


0 


ns 


UcH 

TCEHWX 

Read Command Hold Time 

0 


0 


ns 

8 

Uac 

TRELQV 

Access Time from RAS 


120 


150 

ns 

9, 10 

Uac 

TCELQV 

Access Time from CAS 


65 


90 

ns 

10, 11 

loFF 

TCEHQZ 

Output Buffer Turn-Off Delay 

0 

50 

0 

55 

ns 

12 


Read Cycie Waveforms* 


ROW 
ADDRESS 
STROBE VIL- 




(TL2L1)^ 




'RCD 


(TRELCEL) 

*CSH 



WRITE VIH- 
ENABLE viL — 


DATA VOH — 
OUT VOL — 



Symbols In parentheses are proposed industry standard. 
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Read-Write and Read-Modify-Write Cycle AC Electrical Characteristics 


Symbol 

Alternate 

Standard 

tpwc 

TRELREL 

(R/W) 

I 

tpAS 

TRELREH 

fpp 

TREHREL 

It 

TH1H2 

It 

TL2L1 

•rcd 

TRELCEL 

fpSH 

TCELREH 

fcSH 

TRELCEH 

tCAS 

TCELCEH 

fcp 

TCEHCEL 

fASR 

TAVREL 

^RAH 

TRELAX 

*ASC 

TAVCEL 

tcAH 

TCELAX 

Iar 

TRELA(C)X 

Ircs 

TWHCEL 

twp 

TWLWH 

tcWL 

TWLCEH 

tpWL 

TWLREH 

*RWD 

TRELWL 

*CWD 

TCELWL 

•os 

TDVWL 

*DH 

TWLDX 

tpAC 

TRELQV 

<CAC 

TCELQV 

*OFF 

TCEHQZ 


Parameter 


Read-Write Cycle Time 


RAS Pulse Width 


RAS Precharge Time 


Rise Time 


Fall Time 


RAS to CAS Delay Time 


RAS Hold Time 


CAS Hold Time 


CAS Pulse Width 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time Referenced 
to RAS 


Read Command Set-Up Time 


Write Command Pulse Width 


Write Command to CAS Lead Time 


Write Command to RAS Lead Time 


RAS to WE Delay 


CAS to WE Delay 


Data In Set-up Time 


Data In Hold Time 


Access Time from RAS 


Access Time from CAS 


Output Buffer Turn-Off Delay 


NMC4164-1 


Min Max 



Read-Write and Read-Modify-Write Waveforms' 


<RWC 

<TflElREUfl/W» 

- tRAS — 

(TRELREH) 


COLUMN 
ADDRESS 
STROBE VIL- 


a. ’RAH U 

. (TRELAX). nil 

lASR ^tASC I 

'(TAVREL) ^ (TAVCEU 


WRITE VIH - 
ENABLE viL — 


DATA VOH- 
OUT VOL - 


DATA VIH — 
IN VIL- 



^ Symbols In parentheses are proposed industry standard. 
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NMC4164 


RAS-Only Refresh and Buried Refresh AC Electrical Characteristics 


Symbol 

Parameter 

1 NMC4164-1 1 

1 NMC4164-2 1 

Units 

Notes 

Alternate 

Standard 

Min 

Max 

Min 

Max 

>RC 

TRELREL 

Random Read or Write Cycle Time 

270 


305 


ns 


Iras 

TRELREH 

RAS Pulse Width 

140 

10,000 

165 

10,000 

ns 


Irp 

TREHREL 

RAS Precharge Time 

120 


130 


ns 


It 

TH1H2 

Rise Time 

3 

50 

3 

50 

ns 


It 

TL2L1 

Fall Time 

3 

50 

3 

50 

ns 


<RCD 

TRELCEL 

RAS to CAS Delay Time 

25 

55 

30 

60 

ns 

5 

•bsh 

TCELREH 

R^ Hold Time 

85 


100 


ns 


'CSH 

TRELCEH 

CAS Hold Time 

135 


150 


ns 


tCAS 

TCELCEH 

C^ Pulse Width 

80 

10,000 

100 

10,000 

ns 


icp 

TCEHCEL 

CAS Precharge Time 

70 


80 


ns 

6 

'asr 

TAVREL 

Row Address Set-Up Time 

0 


0 


ns 


>RAH 

TRELAX 

Row Address Hold Time 

20 


25 


ns 


Iasc 

TAVCEL 

Column Address Set-Up Time 

0 


0 


ns 


tCAH 

TCELAX 

Column Address Hold Time 

25 


30 


ns 


Iar 

TRELA(C)X 

Column Address Hold Time Referenced 
to R^ 

80 


90 


ns 

7 

Ircs 

TWHCEL 

Read Command Set-Up Time 

0 


0 


ns 


Irch 

TCEHWX 

Read Command Hold Time 

0 


0 


ns . 

8 

Irac 

TRELQV 



120 


150 

ns 

9, 10 

tCAC 

TCELQV 

Access Time from CAS 


65 


90 

ns 

10, 11 

toFF 

TCEHQZ 

Output Buffer Turn-Off Delay 

0 

50 

0 

55 

ns 

12 


RAS-Only Refresh Waveforms* (cas=vih, we = don’t care) 



DATA V0H“ ' 

OUT VOL — 

Buried Refresh Waveforms* 



‘Symbols in parentheses are proposed industry standard. 
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Page Mode Read Cycle AC Electrical Characteristics t 


Symbol 

Alternate 

Standard 

tpc 

TRELREL 

tpAS 

TRELREH 

tRP 

TREHREL 

tT 

TH1H2 

tT 

TL2L1 

tpCD 

TRELCEL 

tpSH 

TCELREH 

tcSH 

TRELCEH 

tCAS 

TCELCEH 

. tcp 

TCEHCEL 

tASR 

TAVREL 

tpAH 

TRELAX 

fASC 

TAVCEL 

tCAH 

TCELAX 

tAR 

TRELA(C)X 

fRCS 

TWHCEL 

twp 

TWLWH 

tcWL 

TWLCEH 

tpWL 

TWLREH 

tpWD 

TRELWL 

fcwp 

TCELWL 

tos 

TDVWL 

toH 

TWLDX 

tpAC 

TRELQV 

tCAC 

TCELQV 

toFF 

TCEHQZ 


Page Mode Cycle Time 


RAS Pulse Width 


Rise Time 


Fall Time 


RAS to CAS Delay Time 


RAS Hold Time 


CAS Hold Time 


CAS Pulse Width 


CAS Precharge Time, Page Mode 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Co lumn Address Hold Time Referenced 
to RAS 


Read Command Set-Up Time 


Write Command Pulse Width 


Write Command to CAS Lead Time 


Write Command to RAS Lead Time 


RAS to WE Delay 


CAS to WE Delay 


Data In Set-Up Time 


Data In Hold Time 


Access Time from RAS 


Access Time from CAS 


Output Buffer Turn-Off Delay 


Page Mode Read Cycle Waveforms* 


ROW yiH _ 
ADDRESS 
STROBE 


COLUMN y.u — 
ADDRESS 
STROBE ~ 


NMC4164-1 


Min Max 



DATA ''ON ~ 
OUT uni — 



K V/ 

i 

’CAM 

*ASC 

"*’(TAVCeD 


“do 


L tcAC 

P (TCELQV) 

tOFF 
(TCEHQZ) 

r 1 

r~ 

L— *0FF 
(TCEHQZ) 





t Standard part not tested for page mode. 

* Symbols In parentheses are proposed Industry standard. 
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Page Mode Read-Modify-Write Cycle AC Electrical Characteristicst 


Symbol | 

Parameter 

1 NMC4164-1 I 

1 NMC4164-2 1 

Units 

Notes 

Alternate 

Standard 

Min 

Max 

Min 

Max 

tpc 

TRELREL 

Page Mode Cycle Time 

235 


270 


ns 

14 

tRAS 

TRELREH 

R^ Pulse Width 

445 

mnwn 

510 

10,000 

ns 

14 

tpp 

TREHREL 

RAS Precharge Time 

120 


130 


ns 


tj 

TH1H2 

Rise Time 

3 

50 

3 

50 

ns 


tj 

TL2L1 

Fall Time 

3 

50 

3 

50 

ns 


Ircd 

TRELCEL 

RAS to CAS Delay Time 

25 

55 

30 

60 

ns 

5 

^RSH 

TCELREH 

RAS Hold Time 

85 


100 


ns 


tcSH 

TRELCEH 

CAS Hold Time 

135 


150 


ns 

13 

tCAS 

TCELCEH 

C^ Pulse Width 

155 

10,000 

180 

10,000 

ns 

14 

tcp 

TCEHCEL 

CAS Precharge Time, Page Mode 

70 


80 


ns 

6 

UsR 

TAVREL 

Row Address Set-Up Time 

0 


0 


ns 


Iran 

TRELAX 

Row Address Hold Time 

20 


25 


ns 


Use 

TAVCEL 

Column Address Set-Up Time 

0 


0 


ns 


tcAH 

TCELAX 

Column Address Hold Time 

25 


30 


ns 


Ur 

TRELA(C)X 

Column Address Hold Time Referenced 
to R^ 

80 

■ 

90 


ns 

7 

Ucs 

TWHCEL 

Read Command Set-Up Time 

0 


0 


ns 


twp 

TWLWH 

Write Command Puise Width 

40 


45 


ns 


UwL 

TWLCEH 

Write Command to CAS Lead Time 

85 


95 


ns 


UwL 

TWLREH 

Write Command to RAS Lead Time 

90 


100 


ns 


UwD 

TRELWL 

^ to ^ Delay 

120 


150 


ns 

13 

Uwp 

TCELWL 

C^ to WE Delay 

65 


90 


ns 


Us 

TDVWL 

Data In Set-Up Time 

0 


0 


ns 


Uh 

TWLDX 

Data In Hold Time 

35 


40 


ns 


Uac 

TRELQV 

Access Time from RAS 


120 


150 

ns 

9, 10 

tCAC 

TCELQV 

Access Time from CAS 


65 


90 

ns 

10, 11 

toFF 

TCEHQZ 

Output Buffer Turn-Off Delay 

0 

50 

0 

55 

ns 

12 


Page Mode Read-Modlfy-Write Waveforms* 



t standard part not tested for page mode. 

‘Symbols in parentheses are proposed industry standard. 
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NMC4164 


AC Notes 

Note 1: All voltages referenced to VSS. 

Note 2; Any 8 cycles that perform refresh must be applied following either power on or periods of no Row Address Strobe activity exceeding 2 ms. 

Note 3: Transition times are assumed to. be 5 ns. 

Note 4: Timing reference points are VIH(min) and ViL(max). 

Note 5: if TRELCEL(min)<TRELCEL<TRELCEL(max) the access time is TRELQV (row timing limited), if the TRELCEL exceeds TRELCEL(max) the access 
time Is TRELCEL plus TCELQV (column timing limited). 

Note 6: TCEHCEL is necessary for RAS/CAS cycles preceded by a CAS only cycle or Page Mode cycles. 

Note 7: (C) indicates that column addresses are referenced. 

Note 8: TCEHWX is referenced to the first rising edge of RAS or CAS. 

Notes: Load = 2 TTL loads and too pF. 

Note 10: Assumes TRELCELsTRELCEL(max) (row limited timing). 

Note 11: Assumes TRELCEL>(max) (column limited timing). 

Note 12: TCEHQZ is measured to lOUT s IO(L). 

Note 1 3: The placement£f the negative going edge of W with respect to the negative edge of CAS determines the type of Write cycle. If TWLCEL is greater than 
0 ns (negative edge of W before negative edge of CAS) the memory is In an Early-Write cycle and Data Out is TRI-STATE. If TCELWL is greater than 
TCELWL(min) (negative edgeof Wcmncident with or after Data Out valid) the memory Is In a Read-Write or Read-Modify-Write cycle and Data Out is the origi- 
nal contents of the selected cell. If W goes LOW between these two times the cycle Is a Write cycle and Data Out is indeterminate. 

Note 14: (R/W) indicates a Read-Write or Read-Modify-Write cycle parameter. 
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National mos rams 

Semiconductor advance information 

NMC5295^ 16,384-Bit (16,384 x 1) Dynamic RAM 

General Description Features 


The NMC5295 is a 16,384 x 1 bit dynamic RAM. It features 
a multiplexed address input with separate row and col- 
umn strobes. This added flexibility allows the NMC5295 to 
be used in page mode operation. 

The NMC5295 must be refreshed every 2 ms. This can be 
accomplished by performing any cyc le w hich brings the 
Row Address Strobe active including RAS (RE)-only cycle 
at each of the 128 row addresses. 

N-channel triple-polysillcon gate technology, developed 
by National, is used in the manufacture of the NMC5295. 
This process combines high density and performance 
with reliability. Greater system densities are achievable by 
the use of a 16-pin dual-in-iine package for the NMC5295. 

Block and Connection Diagrams** 


■ Single 5V ± 10% supply 

■ 128 cycle, 2 ms refresh 

■ Access times: 80 ns, 100 ns, 120 ns 

■ Low power: 200 mW max 

■ TTL compatible: all inputs and output 

■ Gated CAS (CE)— non-critical timing 

■ Read, write, read-modify-write and RAS (RE)-only 
refresh cycles 

■ Buried refresh option 

■ Page mode operation 

■ Industry standard 16-pin configuration 

■ TRI-STATE® output 

■ On-chip substrate bias generator 

vrt (w) 



Dual-ln-Llne Package 



Pin Names 

RAS (RE) Row Address Strobe 
CAS(CE) Column Address Strobe 
WE(W) Write Enable 
A0-A6 Address Inputs 
Dl(0) Data Input 

DO(Q) Data Output 

VCC Power (5V) 

VSS Ground 



TOP VIEW 


tSeethe MST^'^' Program, page 3. 

> Symbols In parentheses are proposed Industry standard. 
*X = Speed selection 


NMC5295 






NMC5295 


Absolute Maximum Ratings (Note i) 

Operating Temperature Range 0°Cto-i-70°C Voltage on Any Pin Relative to VSS -1.0to+7V 

Storage Temperature -65°Cto -h 150°C LeadTemperature(Soldering, 10 seconds) 300°C 

Power Dissipation 1W 

Recommended DC Operating Conditions 

Symbol 

Parameter 

Min 

Max 

Units 

Notes 

TA 

Ambient Temperature 

0 

70 

°C 


VCC 

VSS 

Supply Voltages 

4.5 

0 

5.5 

0 

V 

V 

2,3 
2, 3 

VIH 

Input High Voltage, All Inputs 

2.4 

7.0 

V 

2 

VIL 

Input Low Voltage, All Inputs 

-1.0 

0.8 

V 

2 

DC Electrical Characteristics 

Over the range of Recommended DC Operating Conditions unless otherwise noted. 

Symbol 

Parameter 

Min 

Max 

Units 

Notes 

ICC1 

Operating Current 

Average Power Supply Operating Current 
(^, CE Cycling; TRELREL = TRELREL Min) 


35 

mA 

4 

ICC2 

Standby Current 

Power Suppiy Standby Current (RE = VIH, 
Q = High Impedance) 


4 

mA 


ICC3 

Refresh Current 

Average Power Supply Current, Refresh Mode • 
(RE Cycling, CE = VIH; TRELREL = TRELREL Min) 


.27 

mA 

4 

ICC4 

Page Mode Current 

Average Power Supply Current, Page Mode 
(RE = VIL, CE Cycling; TCELCEL = 100 ns) 


27 

mA 

4 

II 

Input Leakage 

Input Leakage Current, Any Input 
(0V<VIN<7V, All Other Pins not Under Test = 0V) 

-10 

10 



lOZ 

Output Leakage 

Output Leakage Current (C is Disabled, 
OV<VOUT<5.5V) 

-10 

10 



VOH 

VOL 



Output Levels 

Output High Voltage (lOUT = - 5 mA) 
Output Low Voltage (lOUT = 4.2 mA) 

B 

0.4 

V 

V 


Capacitance 

Symbol 

Parameter 

Max 

Units 

Notes 

Cl 

Input Capacitance A0-A6, D 

5 

PF 

5 

CC 

Input Capacitance W 

10 

PF 

5 

CQ 

Output Capacitance, Q 

7 

pF 

5 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of "Recommended DC Operating Conditions” provides con- 
ditions for actual device operation. 

Note 2: All voltages referenced to VSS. When applying voltage to the device, VCC should never be 1.0V more negative than VSS. 

Note 3: Several cycles are required after power-up before proper device operation is achieved. Any 8 RE cycles are adequate for this purpose. 

Note 4: ICC1, ICC3 and ICC4 depend on cycle rate. 

Note 5: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV. Capacitance is guaranteed by periodic 
testing. 


1-78 

















































































Read Cycle AC Electrical Characteristics (Notes 1, 2, 3 and 4) 



Alternate 

Standard 

*RC 

TRELREL 

*RAS 

TRELREH 

*RP 

TREHREL 

tj 

TH1H2 

»T 

TL2L1 

*RCD 

TRELCEL 

*RSH 

TCELREH 

*CSH 

TRELCEH 

*CAS 

TCELCEH 

tcp 

TCEHCEL 

USR 

TAVREL 

*RAH 

TRELAX 

*ASC 

TAVCEL 

*CAH 

TCELAX 

*AR 

TRELA(C)X 

*RCS 

TWHCEL 

*RCH 

TCEHWX 

'rac 

TRELQV 

*CAC 

TCELQV 

'off 

TCEHQZ 




Random Read Cycle Time 


RAS Pulse Width 


RAS Precharge Time 


Rise Time 


Fall Time 


RAS to CAS Delay Time 


e 


e 


CAS Pulse Width 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time 
Referenced to RAS 


Read Command Set-Up Time 


Read Command Hold Time 


Output Buffer Turn-Off Delay 



10,000 

115 

10,000 

140 

10,000 

ns 


110 


120 


ns 

50 

3 

50 

3 

50 

ns 

50 

3 

50 

3 

50 

ns 

40 

20 

50 

25 

55 

ns 



1 


Read Cycle Waveforms' 


ROW viH- 
ADDRESS 
STROBE VIL- 


COLUMN viH- 
ADDRESS 
STROBE ■ 


WRITE VIH- 
ENABLE viL- 



' Symbols in parentheses are proposed industry standard. 
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Read-Write and 

(Notes 1, 2, 3 and 4) 


Read-Modify-Write Cycle AC Electrical Characteristics 



Read-Write and Read-Modify-Write Waveforms' 


COLUMN 
ADDRESS 
STROBE VIL- 


WRITE VIH - 
ENABLE . 



DATA VIH — 
IN viL- 


' Symbols in parentheses are proposed industry standard. 
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NMC5295 


RAS-Only Refresh and Buried Refresh AC Electrical Characteristics 


Symbol 

Parameter 

1 NMCS295-2 

1 NMC5295-3 

1 NMC5295-4 

Units 

Notes 

Alternate 

standard 

■2m 


MAII.M 




Irc 

TRELREL 

Random Read or Write Cycle 
Time 

200 


235 


270 


ns 


•ras 

TRELREH 

r]^ Pulse Width 

95 

10,000 

115 

10,000 

140 

10,000 

ns 


Irp 

TREHREL 

RAS Precharge Time 

95 


110 


120 


ns 


‘t 

TH1H2 

Rise Time 

3 

50 

3 

50 

3 

50 

ns 


It 

TL2L1 

Fall Time 

3 

50 

3 

50 

3 

50 

ns 


Ircd 

TRELCEL 

RAS to CAS Delay Time 

15 

,40 

20 

50 

25 

55 

ns 

5 

Irsh 

TCELREH 

RAS Hold Time 

55 


65 


85 


ns 


*CSH 

TRELCEH 

CAS Hold Time 

90 


110 


135 


ns 


wmm 

TCELCEH 

^ Pulse Width 

50 


60 


80 


ns 

15 

•cp 

TCEHCEL 

CAS Precharge Time 

50 


60 


70 


ns 

6 

Iasr 

TAVREL 

Row Address Set-Up Time 

0 


0 


0 


ns 


Iran 

TRELAX 

Row Address Hold Time 

10 


15 


20 


ns 


*ASC 

TAVCEL 

Column Address Set-Up Time 

0 


0 


0 


ns 


'car 

TCELAX 

Column Address Hold Time 

15 


20 


25 


ns 


'ar 

TRELA(C)X 

Column Address Hold Time 
Referenced to RAS 

55 


70 


80 


ns 

7 

Ircs 

TWHCEL 

Read Command Set-Up Time 

0 


0 


0 


ns 


Irch 

TCEHWX 

Read Command Hold Time 

0 


0 


0 


ns 

8 

Irac 

TRELQV 

Access Time from RAS 


80 


100 


120 

ns 

9, 10 

tCAC 

TCELQV 

Access Time from CAS 


40 


50 


65 

ns 

10, 11 

Iqff 

TCEHQZ 

Output Buffer Turn-Off Delay 

0 

40 

0 

IL. 

0 

50 

ns 

12 


RAS-Oniy Refresh Waveforms* (^=vih,^= don t care) 


ROW 

ADDRESS 

STR08E 


ADDRESSES 



DATA VOH — 
OUT VOL — 


Buried Refresh Waveforms^ 



•Symbols in parentheses are proposed industry standard. 
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Page Mode Read Cycle AC Electrical Characteristicst (Notes 1, 2, 3 and 4) 



Symbol 

Alternate 

Standard 

tpc 

TRELREL 

*RAS 

TRELREH 

^RP 

TREHREL 

tj 

TH1H2 

tl 

TL2L1 

'rod 

TRELCEL 

^RSH 

TCELREH 

*CSH 

TRELCEH 

*CAS 

TCELCEH 

*CP 

TCEHCEL 

*ASR 

TAVREL 

*RAH 

TRELAX 

*ASC 

TAVCEL 

^CAH 

TCELAX 

*AR 

TRELA(C)X 

*RCS 

TWHCEL 

^RCH 

TCEHWX 

'rac 

TRELQV 

^CAC 

TCELQV 

toFF 

TCEHQZ 


Parameter 

NMC5295-2 | 

Min 

Max 

Page Mode Cycle Time 

110 


R^ Pulse Width 

205 

10,000 

RAS Precharge Time 

95 


Rise Time 

3 

50 

Fall Time 

3 

50 



CAS Pulse Width 50 10,000 


CAS Precharge Time 50 


Row Address Set-Up Time 0 


Row Address Hold Time 10 


Column Address Set-Up Time 0 


Column Address Hold Time 15 


Column Address Hold Time 55 

Referenced to RAS 


Read Command Set-Up Time 0 


Read Command Hold Time 0 


80 


Access Time from CAS 40 


Output Buffer Turn-Off Delay 0 


NMC5295-3 




60 10,000 
60 


0 


15 




Page Mode Read Cycle Waveforms* 



1 standard part not tested for page mode. 

* Symbols In parentheses are proposed Industry standard. 
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Page Mode Read-Modify-Write Cycle AC Electrical Characteristicst 


Symbol 


Alternate Standard 


TRELREL 

(R/W) 


NMC5295-2 NMC5295-3 NMC5295-4 


Min Max Min Max Min 


Read-Write Cycle Time 



Iras 

TRELREH 

(R/W) 

RAS Pulse Width 

300 

10,000 

360 

10,000 

445 

10,000 

ns 

14 

•rp 

TREHREL 

RAS Precharge Time 

95 


110 


120 


ns 

mm 

It 

TH1H2 

Rise Time 

3 

50 

3 

50 

3 

50 

ns 


It 

TL2L1 

Fall Time 

3 

50 

3 

50 

3 

50 

ns 


•rcd 

TRELCEL 

RAS to CAS Delay Time 

15 

40 

20 

50 

25 

55 

ns 

5 


TCELREH 


TRELCEH 


TCELCEH 

(R/W) 


TCEHCEL 


TAVREL 


TRELAX 


TAVCEL 


TCELAX 


TRELA(C)X 


TRELWL 


TCELWL 


TDVWL 


TWLDX 


TRELQV 


TCELQV 


TCEHQZ 


RAS Hold Time 


CAS Hold Time 


CAS Puise Width 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hoid Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time 
Referenced to RAS 


Read Command Set-Up Time 


Write Command Pulse Width 


Write Command to CAS Lead 
Time 


Write Command to RAS Lead 
Time 


RAS to WE Delay 


CAS to WE Delay 


Data-In Set-Up Time 


Data-In Hold Time 


Access Time from CAS 


Output Buffer Turn-Off Delay 



1 


Page Mode Read-Modify-Write Waveforms' 


COLUMN Viu- 
ADORESS v,_ 
STROBE '*• 


- 

ADDRESSES _ 


WRITE ''IH- 
ENABLE V|L- 


t Standard part not tested (or page mode. 

A Symbols In parentheses are proposed Industry standard 



ifHCEL)T^[ r~ 

' ^ ‘cwD 

'4///]/ (TCELWL) 

If^ASR tns *“ 

-p(TAVREL) (tDVWlT* 


1-85 


NMC5295 
































































































































































































































NMC5295 


AC Notes 


Note 1: All voltages referenced to VSS. 

Note 2: Any 8 cycles that perform refresh must be applied following either power on or periods of no Row Address Strobe activity exceeding 2 ms. 

Note 3: Transition times are assumed to be 5 ns. 

Note 4: Timing reference points are yiH(min) and ViL(max). 

Note 5: If TRELCEL(min)<TRELCEL<TRELCEL(max) the access time is TRELQV (row timing iimited). If the TRELCEL exceeds TRELCEL(max) the access 
time is TRELCEL pius TCELQV (column timing limited). 

Note 6: TCEHCEL is necessary for R^S/cXs cycies preceded by a CAS only cycle or Page Mode cycies. 

Note 7: (C) indicates that coiumn addresses are referenced. 

Note 8: TCEHWX is referenced to the first rising edge of RAS or CAS. 

Note9: Load = 2 TTL loads and too pF. 

Note 10: Assumes TRELCELsTRELCEL(max) (row limited timing). 

Note 11: Assumes TRELCEL>(max) (column limited timing). 

Note 12; TCEHQZ is measured to lOUTs IO(L). 

Note 13: The placement of the negative going edge of W with respect to the negative edge of CAS determines the type of Write cycle. If TWLCEL is greater than 
0 ns (negative edge of W betor^ negative edge of CAS) the memory is in an Early-Write cycle and Data Out is TRI-STATE. If TCELWL is greater than 
TCELWL(min) (negative edge of W c^ncident with or after Data Out valid) the memory is In a Read-Write or Read-Modify-Write cycle and Data Out Is the origi- 
nal contents of the selected cell. If W goes LOW between these two times the cycle Is a Write cycle and Data Out Is indeterminate. 

Note 14: (R/W) indicates a Read-Write or Read-Modify-Write cycle parameter. 

Note 15: Max limit does not apply for RAS-Only Refresh. During Buried Refresh CAS can be low and valid output maintained for any desired period of time. 
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Section 2 


CMOS RAMS 


CMOS RAMs provide the lowest power of any of 
the semiconductor read/write memory tech- 
nologies. National’s CMOS memory line may be 
mixed with our CMOS logic, TTL logic, bipolar 
microprocessor, MOS microprocessor, custom 
LSI, and our other semiconductor products to op- 
timize system power/speed/cost tradeoffs. Refer 
to National’s related databooks and catalogs for 
further details; an order form is included in this 
book. 






National 

Semiconductor 


CMOS RAMs 


MM54C89/MM74C89 64-Bit (16 x 4) TRI-STATE® RAM 


General Description 

The MM54C89/MM74C89 is a 16-word by 4-bit 
random access read/write memory. Inputs to the 
memory consist of four address lines, four data 
input lines, a write enable line and a memory 
enable line. The four binary address inputs are 
decoded internally to select each of the 16 possible 
word locations. An internal address register, latches 
the address information on the positive to negative 
transition of the memory enable input. The four 
TRI-STATE® data output lines working in con- 
junction with the memory enable input provides 
for easy memory expansion. 

Address Operation: Address inputs must be stable 
ts/^ prior to the positive to negative transition 
of memory enable. It is thus not necessary to 
hold address information stable for more than 
tHA aflei' the memor y is enabled (p ositive to 
negative transition of memory enable). 

Note: The timing is different than the DM7489 in 
that a positive to negative transition of the memory 
enable must occur for the memory to be selected. 

Write Operation: Information present at the data 
inputs is written into the memory at the selected 


address by bringing write enable and memory 
enable low. 

Read Operation: The complement of the informa- 
tion which was written into the memory is non- 
destructively read out at the four outputs. This is 
accomplished by selecting the desired address and 
bringing memory enable low and write enable 
high. 

When the device is writing or disabled the output 
assumes a TRI-STATE (Hi-z) condition. 


Features 


Wide supply voltage range 3.0V to 15V 

Guaranteed noise margin 1.0V 

High noise immunity 0.45 Vcc tVP 

Low power TTL fan out of 2 

compatibility driving 74L 

Input address register 

Low power consumption 100 nW/package typ 


Fast access time 
TRI-STATE output 


1 30 ns typ at Vcc = 1 0V 


Logic and Connection Diagrams 



Dual-In-Line Package 



Order Number MM54C89J 
or MM74C89J 
See NS Package J16A 

Order Number MM74C89N 
See NS Package N16A 
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Absolute Maximum Ratings 


Operating Conditions 


Voltage at Any "Pin 

Storage Temperature Range 

Package Dissipation 

Absolute Maximum Vgc 

Lead Temperature (Soldering. 10 seconds) 


-0.3V to Vqc + 0.3V Ambient Temperature Range 
-65°C to + 1 50°C MM54C89 

500 mW MM74C89 

iftV Supply Voltage Range 
o MM54C89 

300 C MM74C89 


DC Electrical Characteristics 

Min/max limits apply across temperature range, unless otherwise noted. 


PARAMETER 

CONDITIONS 

CMOS TO CMOS 

Logical "1" Input Voltage (ViNd)) 

Vec = 5.0V 


Vec = lOV 

Logical "0" Input Voltage (Vinioi) 

Vec = 5.0V 


Vec = lOV 

Logical "1" Output Voltage 

Vec = 5.0V. lo =-10pA 

(VoUTd)) 

Vec = 10V. lo =-10pA 

Logical "0" Output Voltage 

Vec = 5.0V. lo = +10pA 

< 

o 

c 

H 

Vec = 10V, lo = +10pA 

Logical "1" Input Current (I|n(d) 

Vec = 15V, V,N = 15V 

Logical "0" Input Current {Iin<o)I 

Vec = 15V, V|N = OV 

Output Current in High Impedance 

Vec = 15V, Vo = 15V 

State 

Vec = 15V, Vo =0V 

Supply Current (Ice) 

Vec = 15V 


CMOS/LPTTL INTERFACE 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 



Logical "1” Input Voltage (V|N(d) 

54C, Vec = 4.5V 

Vec - 1.5 


74C, Vec = 4.75V 

Vec - 1.5 

Logical "0" Input Voltage (V|m(q)) 

54C, Vec = 4.5V 
74C, Vec = 4.75V 


Logical “1" Output Voltage 

54C, Vec = 4.5V, Iq = -360pA 

2.4 

(Voutid) 

74C, Vec = 4,75V, Iq = -360pA 

2.4 

Logical "0" Output Voltage 

54C, Vec = ^-5V, lo = +360/JA 


(VouTio)) 

74C, Vec = 4.75V, Iq = +360pA 



*' Output Source Current (IsouRCE ) 

Vec =5.0V, VouT = OV 

-1.75 

(P-Channel) 

Ta = 25°C 


Output Source Current (Isource ) 

Vec = 10V, Vou-T = OV 

-8.0 

(P-Channel) 

Ta = 25°C 


Output Sink Current (Isink) 

Vec = 5.0V, VouT= Vec 

1.75 

(N-Channel) 

Ta = 25°C 


Output Sink Current (Isink) 

Vcc = 10V, VouT=Vcc 

8.0 

(N-Channel) 

Ta=25°C 



-55 C to +125 C 
—40° C to +85° C 


3V to 15V 
3V to 15V 



1.5 


2.0 


0.5 


1.0 

0.005 

1.0 

-0.005 


0.005 

-0.005 

1.0 

0.05 

300 







V 


V 

0.8 

V 

0.8 

V 


V 


V 

0.4 

V 

0.4 

V 



AC Electrical Characteristics (Ta = 25°C, Cl = 50 pF, unless otherwise noted.) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

Propagation Delay from Memory Enable 

Vec = 5.0V 


270 

500 

(tpdl 

Vec = 10V 


100 

220 

Access Time from Address Input (t^cc) 

Vec = 5.0V 


350 

650 


Vec = lOV 


130 

280 

Address Input Setup Time (tsA) 

Vec = 5.0V 

150 




Vec = 10V 

60 



Address Input Hold Time (tHA) 

Vec = 5.0V 

,60 




Vec = 10V 

40 



Memory Enable Pulse Width (tME) 

Vec = 5.0V 

400 

250 



Vec - 10V 

150 

90 


Memory Enable Pulse Width (Ime’} 

Vec = 5.0V 

400 

200 



Vcc = lOV 

150 

70 













































AC Electrical Characteristics (Continued) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Write Enable Setup Time for a Read 

Vcc = 5.0V 

0 


■■ 

ns 

l^sn ) 

Vcc = lOV 

0 


Hh 

ns 

Write triable Setup Time for a Write 

Vcc = 5.0V 




ns 

(tws) 

Vcc = 10V 




ns 

Write Enable Pulse Width (t^) 

Vcc = 5.0V, tws = 0 

300 

160 


ns 


Vcc “ lOV, tyvs “ 0 

100 

60 


ns 

Data Input Hold Time (tno) 

Vcc = 5.0V 

50 



ns 


Vcc = 10V 

25 



ns 

Data Input Setup (tsp) 

Vcc = 5.0V 

50 



ns 


Vcc = 10V 

25 



ns 

Propagation Delay from a Logical "T* 

Vcc = 5.0V, Cl = 5.0 pF, Rl = 10k 


180 

300 

ns 

or Logical "0" to the High Impedance 
State from Memory Enable (t|H . ton ) 

Vcc = 10V. Cl = 5.0 pF, Rl = 10k 


85 

120 

ns 

Propagation Delay from a Logical "1” 

Vcc = 5.0V, Cl = 5.0 pF, Rl = 10k 


180 

300 

ns 

or Logical "0" to the High Impedance 
State from Write Enibii (tjH. Ioh) 

Vcc = lOV, Cl = 5.0 pF, Rl = 10k 


85 

120 

ns 

Input Capacity (C|'n) 

Any Input (Note 2) 


5.0 


pF 

Output Capacity (Cqut) 

Any Output (Note 2) 


6.5 


pF 

Power Dissipation Capacity (Cp^) 

(Note 3) 


230 


pF 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. 
Except for “Operating Range" they are not meant to imply that the devices should be operated at these limits. The table 
of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: CpD determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C 
Family Characteristics application note, AN-90. 


Truth Table 


ME 

WE 

OPERATION 

CONDITION OF OUTPUTS 

L 

L 

Write 

TRISTATE 

L 

H 

Read 

Complement of Selected Word 

H 

L 

Inhibit, Storage 

TRISTATE 

H 

H 

Inhibit, Storage 

TRISTATE 


AC Test Circuits 




10h< 5.0 dF 


Switching Time Waveforms 

»0H 
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CMOS RAMS 


MM54C200/MM74C200 
256-Bit (256 x 1) TRI-STATE® RAM 


General Description 

The MM54C200/MM74C200 is a 256-bit random 
access read/write memory. Inputs consist of eight 
address lines, a data input line, a write enable 
line, and three chip enables. The eight binary 
address inputs are decoded internally to select 
each of the 256 locations. An internal address 
register, latches and address information on the 
positive to negative edge of CE 3 . The TRI- 
STATE data output line working in conjunction 
with CEi or CE 2 inputs provides for easy memory 
expansion. 


Address Operation: Address inputs must be stable 
ts/^ prior to the positive to negative transition of 
CE 3 . It is thus not necessary to hold address 
information stable for more than tnA 
memory is enabled (positive to negative transition). 

Note; The timing is different than the DM74200 
in that a posi tive to negative transition of the 
memory enable must occur for the memory to be 
selected. 


Read Operation; The data is read out by selecting 
the proper address and bringing CE 3 low and write 
enable high. Holding CE^ or CE 2 or CE 3 at a 
high level forces the output into TRI-STATE. 
When used in bus organized systems, CE, , or CE 2 , 
a TRI-STATE control, provides for fast access 
times by not totally disabling the chip. 

Write Operation; Data is written into the memory 
with CE 3 low and write enable low. The state of 
CEi or CE 2 has no effect on the write cycle. The 
output assumes TRI-STATE with write enable low. 


Features 


■ Wide supply voltage range 3.0V to 15V 

■ Guaranteed noise margin 1.0V 

■ High noise immunity 0.45 Vqq typ 

■ TTL compatibility fan out of 1 driving 

standard TTL 

■ Low power 500 nW typ 

■ Internal address register 


Logic and Connection Diagrams 



Dual-ln-Line Package 


Order Number MM54C200J 
or MM74C200J 
See NS Package J16A 

Order Number MM74C200N 
See NS Package N16A 
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MM54C200/MM74C200 


Absolute Maximum Ratings (Note d Operating Conditions 


Voltage at Any Pin -0.3V 

Storage Temperature Range -6 

Package Dissipation 
Absolute Maximum Vcc 
Lead Temperature (Soldering, 10 seconds) 


-0.3V to Vcc +0.3V Ambient Temperature Range 


65 C to +1 50 C 
500 mW 


1 50 C MM54C200 

DO mW MM74C200 

18V Supply Voltage Range 
300°C MM54C200 

MM74C200 


-55 Cto +125 C 
-40°C to +85°C 


3V to 15V 
3V to 15V 


Vcc 5.0V 
Vcc = ’OV 

Vcc “ 5.0V, Iq = 10;jA 
Vcc “ 'OV, lo - 10 (jA 

Vcc “= 5,0V. Iq = < lOyA 
Vcc ■■ 'OV, Io’*'0aA 


DC Electrical Characteristics 

Min/max limits apply across temperature range, unless otherwise noted. 


PARAMETER 


CMOS TO CMOS 


Logical ”1" Input Voltage (Vifg,^)) 

Logical ''O" Input Voltage (V,n,q,) 

Logical "1" Output Voltage (VQ^Tni) 

Logical "O” Output Voltage (Vqut > o )) 

Logical "I” Input Current (Iin(d) 
Logical "0“ Input Current HinioiI 
Supply Current (Ice) 


CMOS/ TTL INTERFACE 


Logical ”1" Input Voltage (V||sj<d) 
Logical "0" Input Voltage IV,n,q,) 
Logical "1" Output Voltage (Voutmi 
L ogical "O'* Output Voltage IVout(O) 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 


54C. V'cc =4.5V 

Vcc 15 

74C, Vcc = 4.75V 

Vcc 1.5 

54C, Vcc = 4.5V 


74C, Vcc =4.75V 


54C. Vcc = 4.5V, lo=-l-6mA 

2A 

74C, Vcc =4.75V. Iq =-1.6mA 

2.4 

54C. Vcc = 4.5V, lo = 1.6 mA 


74C. Vcc = 4.75V, Iq = 1.6 mA 



Output Source Current (Isource) 

Vcc = 5.0V. 

VouT = OV 

(P-Channel) 

Ta = 25°C 


Output Source Current (Isource) 

Vcc = lOV. 

VouT = OV 

(P'Channel) 

Ta = 25°C 


Output Sink Current (Isink) (N-Channel) 

Vcc ^ 5.0V, 
Ta = 25° C 

VoUT = Vcc 

Output Sink Current (Isink) (N-Channel) 

Vcc = 10V. 
Ta = 25°C 

VouT = Vee 



AC Electrical Characteristics Ta = 25°C, C|_ = 50 pF, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

Access Time From Address (tAcc) 

Vcc = 5.0V 
Vcc = lOV 


Propagation Delay From CE3 

Vcc = 5.0V 


llpd) 

Vcc = lOV 


Propagation Delay From CE^ or CE2 

Vcc = 5 OV 


(ipci 1 ) 

Vcc = lOV 


Address Setup Time (tgA ) 

Vcc = 5.0V 

200 


Vcc = lOV 

100 

Address Hold Time (Iha) 

Vcc = 5.0V 

50 


Vcc - lOV 

25 













































AC Electrical Characteristics (Continued) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Write Enable Pulse Width ) 

Vcc = 5.0V 

300 

IGO 


ns 


Vcc = lOV 

150 

70 


ns 

CE3 Pulse Widths (tcel 

Vcc ' 5.0V 

400 

200 


ns 


Vcc = 

160 

80 


ns 

Input Capacity (0(^1 

Any input (Note 2) 


5.0 


pF 

Output Capacity In TRI STATE (Cour ) 

(Note 2) 


9.0 


pF 

Power Dissipation Capacity (Cp^) 

(Note 3) 


400 


pF 


Note 1; "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 

Note 2 : Capacitance is guaranteed by periodic testing. 

Note 3: Cp^j determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C 
Family Characteristics application note, AN-90. 

Switching Time Waveforms 


Read and Write Cycles Using CE3 (CEi »CE2*° logic 0 ) 
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^ National 
Jtm Semiconductor 


CMOS RAMS 


MM54C910/MM74C910 256-Bit (64 x 4) TRI-STATE® RAM 



General Description 

The MM54C910/MIVI74C910 is a 64 word by 4 bit 
random access memory. Inputs consist of six address 
lines, four dat a input lines, a write enable, and a 
memory enable line. The six address lines are internally 
decoded to select one of 64 word locations. An internal 
address register, latches the address information on the 
positive to negative transition of memory enable. The 
TRI-STATE outputs allow for easy memory expansion. 

Address Operation: Address inputs must be stable (tsA^ 
prior to the positive to negative transition of memory 
enable, and (tnA) ^ff^r the positive to negative transition 
of memory enable. The address register holds the 
information and stable address inputs are not needed at 
any other time. 

Write Operation: Data is written into memory at the 
selected address if write enable goes low while memory 
enable is low. Write enable must be held low for t^i 
and data must remain stable tno after write enable 
returns high. 


Read Operation: Data is nondestructively read from a 
memory location by an address operation with write 
enable held high. 

Outputs are in the TRI-STATE (Hi-Z) condition when 
the device is writing or disabled. 


Features 

■ Supply voltage range 3V to 5.5V 

■ High noise immunity 0.45 V^c typ 

■ TTL compatible fan out 1 TTL load 

■ Input address register 

■ Low power consumption 250 nW/package typ 

(chip enabled or disabled) 

■ Fast access time 250 ns typ at 5V 

■ TRI-STATE outputs 

■ High voltage inputs 


Logic and Connection Diagrams 


I INI DOUTI 0IN2 DOaiJ DIN] D OUT] D IN4 0 0UT4 



Input Protection 

Vcc 



WhiTE HtMORV 



Order Number MM54C910J 
orMM74C910J 
See NS Package J18A 
Order Number MM74C910N 
See NS Package N18A 
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Absolute Maximum Ratings (Note 1 ) 


Operating Conditions 


Voltage At Any Output Pin 

Voltage At Any Input Pin 

Package Dissipation 

Absolute Maximum Vqq 

Lead Temperature (Soldering, 10 seconds) 


-0.3V to Vcc +0-3V 
-0.3V to +15V 
500 mW 
6.0V 
300° C 


Supply Voltage (Vqq) 
MM54C910 
MM74C910 

Temperature (T^) 
MM54C910 
MM74C910 

Operating Vqq Range 
Standby Vcc Range 


3.0V to 5.5V 
1.5V to 5.5V 


DC Electrical Characteristics m(vi54C9io/mm74C9io 

(Min/max limits apply across the temperature and power supply range indicated). 


PARAMETER 


Logical Input Voltage 
Logical "0" Input Voltage 
Logical "1” Input Current 

Logical "0" Input Current 
Logical "1" Output Voltage 

Logical "0" Output Voltage 
Output Current in High 
Impedence State 
Supply Current 


CONDITIONS 


Full Range 
Full Range 
V,N = 15V 
V,N = 5V 
=0V 

lo =-150pA 
lo = -400pA 
lo = 1.6 mA 
Vo =5V 
Vo =0V 
V^^ = 5V 


MIN 


Vf-o-1.5 


Vcc-0.5 

2.4 



AC Electrical Characteristics mm54C9io/mm74C9io 

Ta = 25°C, Vcc = 5V, Cl = 50 pF 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Iacc 

Access Time from Address 


250 

500 

ns 

tpp 

Propagation Delay from ME 


180 

360 

ns 

^SA 

Address Input Set-Up Time 

140 

70 


ns 

Iha 

Address Input Hold Time 

20 

10 


ns 

tlVIE 

Memory Enable Pulse Width 

200 

100 


ns 

tME 

Memory Enable Pulse Width 

400 

200 


ns 

tsD 

Data Input Set-Up Time 

0 



ns 

Ihd 

Data Input Hold Time 

30 

15 


ns 


Write Enable Pulse Width 

140 

70 


ns 

- IqH 

Delay to TRI-STATE (Note 4) , 


100 

200 

ns 


C|N 

Input Capacity 


Any Input (Note 2) 

CqUT 

Output Capacity 


Any Output (Note 2) 

Cpp 

Power Dissipation'Capacity (Note 3) 
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MM54C910/MM74C910 






























MM54C910/MM74C910 


AC Electrical Characteristics (Continued) 

Cl = 50 pF 


Ta = -55°C to +125°C Ta = -40°C to +85“C 
Vcc = 4.5V to 5.5V Vcc = 4.75V to 5.25V 




Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Capacitance is guaranteed by periodic testing. 

Note 3: Cpjj determines the no load ac power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics 
application note, AN-90. 

Note 4; See ac test circuit for tn-|, tgH. 


Typical Performance Characteristics 


Truth Table 


Typical Access Time vs Ambient 
Temperate re 



-55 -25 5 35 65 95 125 

FREE AIR TEMPERATURE ( C) 


AC Test Circuits 


ME 

WE 

OPERATION 

OUTPUTS 

L 

L 

Write 

TR I -STATE 

L 

H 

Read 

Data 

H 

L 

Inhibit, Store 

TR I -STATE 

H 

H 

Inhibit, Store 

TRI-STATE 


All Other AC Tests 


002 003 

v„ 

Tf 

002 003 

T j 

r ^ 

► Ri 

T 

002 003 

Rl 10k 
Cl-^IOpF 

T 


Ri.-10k 

Cl'IOpF 

T J 

J-c, 

L T 

Ci-50pF 


2-10 




















Switching Time Waveforms 


Read Cycle 
(See Note 1 ) 



Write Cycle 
(See Note 1 ) 



Read Modify Write Cycle 
(See Note 1 ) 


»cO -U 





Note 1: MEMORY ENABLE must be brought high (or "if 
Note 2: t, ■ t| > 20 ni (or ill inputs. 
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MM54C910/MM74C910 





CMOS RAMS 


Semiconductor 


MM54C920/MM74C920, MM54C921/MM74C921 
1024-Bit(256 x 4)Static RAMs 


General Description 


The MM54C920/MM74C920 256 x 4 random access 
read/write memory is manufactured using silicon gate 
CMOS technology. Data output is the same polarit y as 
data input. Internal latches store address inputs. CES 
and data output. This RAM is specifically designed to 
operate from standard 54/74 TTL power supplies. 
All inputs and outputs are TTL compatible. 

The MM54C921/MM74C921 is identical to the 
MM54C920/MM74C920, except data inputs are inter- 
nally connected to data outputs; the number of package 
leads thereby is reduced to 18. 

Complete addre ss de codin g as well as 2-chip select 
functions, CEL and CES, and TRI-STATE® outputs 
allow easy expansion with a minimum of external com- 
ponents. Versatility plus high speed and low power make 


these RAMs ideal elements for use in microprocessor, 
minicomputer as well as main frame memory applications. 


Features 

■ 256 X 4-bit organization 

■ Access time 

250 ns max MM74C920, MM74C921 
275 ns max MM54C920, MM54C921 
300 nsmax MM74C921-3 

■ TRI-STATE outputs 

■ Low power 

■ On-chip registers 

■ Single 5V supply 

■ Data retained with Vqc as low as 2V 


Connection Diagrams 


Logic Symbols 


Dual- In-Line Package 



Order Number MM54C920J, MM74C920J 
or MM74C920J-3 
See NS Package J22A 

Order Number MM74C920N or MM74C920N-3 
See NS Package N22A 



Dual-In-Line Package 


HM54C921; Lli ~ 

MM74C921 I “ 


Order Number MM54C921J, MM74C921J 
or MM74C921J-3 
See NS Package J18A 

Order Number MM74C921N or MM74C921N-3 
See NS Package N18A 
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Functional Description 


The functional description will reference the logic 
diagram of the MM54C92Q/M M74 C920 shown in 
Figure 1. Input addresses and CES a re clocke d into 
the input latches by the falling edge of STROBE. Input 
set-up and hold times must be observed on these signals 
(see timing diagrams); The true and complement address 
information is fed to the row and column decoders 
which access the selected 4-bit memory word. 

The addressed word (4 bits) is fed to 4 sense amplifiers 
through the column decoders. The information from the 
sense am plifiers is latched into the output register when 
STROBE rises. The register drives the TRI-STATE 
output buffers. 


The outputs are in £ jiigh impedance state when the 
cliip is not selected (CES or CEL high) or when writing 
(WE low). Note that the information st ored in th e out- 
put latches will be changed whenever S TROB E falls, 
regardless of the logic states of WE, CEL or CES. 


The switching time waveforms in Figures 2, 3 and 4 
define the read, write, and output enable/disable para- 
meters respectively. 


Reduced-Voltage Operation 


Chip select inputs, CEL and CES, have identical functions 
except that CES (Chip Ena ble Stored ) is c locked into a 
latch on the falling edge of STROBE; CEL (Chip Enable 
Level) is not. 

Note that set- up an d hold times mus t be obse rved on 
CES. Beca use CEL is not clocked by STROBE, it may 
fall after STROBE has fallen without affecting access 
time provided that the tQE requirement is met. 


These memories will retain data with reduced VqC ^^td 
hence are useful for battery-backup datastorage. Certain 
precautions must be observed as Vqc '5 reduced; (1) 
input voltages must remain between the Vcq and ground 
of the RAM or supply latch-up can occur, (2) WRITE 
mode must be avoided, (3) during power-up of Vqc> 
ST logic state must be maintained (either GND or Vqc) 
while address control lines stabilize. 


Logic Diagram 



AS A6 A7 


FIGURE 1. MM54C920/MM74C920 


The logic diagram for the MM54C921/MM74C921 is identical to this except that data inputs (Dll— DI4) are connected to data outputs 
(D01-D04). 
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54C920/MM74C920. 

54C921/MM74C92i 














C920/MM74C920, 

C921/MM74C921 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 




Supply Voltage, Vcc 
Voltage at Any Pin 
Storage Temperature Range 
Package Dissipation 

Lead Temperature (Soldering, 10 seconds) 


Supply Voltage (Vqc) 


-0.3V to Vcc + 0.3V 

MM54C920, MM54C921 

4.5 

5.5 

-65°Cto-H50°C 

MM74C920, MM74C921 

4.5 

5.5 

500 mW 

MM74C920-3, MM74C921-3 

4.75 

5.25 

300° C 

Ambient Temperature (Ta) 
MM54C920, MM54C921 

-55 

+125 


MM74C920, MM74C921 

-40 

+85 


MM74C920-3, MM74C921-3 

0 

+70 


DC Electrical Characteristics (Note 2) 


SYMBOL 

PARAMETER 

CONDITIONS 

MM54C920 

MM54C921 

MM74C920 

MM74C921 

MM74C920-3 

MM74C921--3 

UNITS 




MIN 

MAX 

MIN 

MAX 

MIN 

MAX 


VlH 

Logical "1" Input Voltage 


Vcc-2-0 

Vcc 

VcC“2.0 

Vcc 

VCC“1.5 

Vcc 

V 

V|L 

Logical "0" Input Voltage 


0 

0.8 

0 

0.8 

0 

0.8 

V 

VOHI 

Logical "1" Output Voltage 

lOH = -1 ftiA 

2.4 


2.4 


2.4 


V 

VOH2 

Logical "1" Output Voltage 

IOUT=0 

vcc-0.1 


Vcc-0.1 


Vcc-0.1 


V 

VOLI 

Logical "0" Output Voltage 

Iql ” 2 mA 


0.4 


0.4 


0.4 

V 

VOL2 

Logical "0" Output Voltage 

IOUT=0 


0.01 


0.01 


0.01 

V 

l|L 

Input Leakage 

0V<V|N<Vcc 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

MA 

lo 

Output Leakage 

OV < Vo < Vcc- 
CEL = Vcc 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

pA 

icc 

Supply Leakage Current 

V|N = VcC.^= OV, 
Vo = 0V 


20 


10 


100 

pA 

vdr 

Vcc foi" Data Retention 

(Note 3) 

2.0 


2.0 


2.0 


V 

'DR 

Ice Data Retention 

^ = Vcc = 2V, 
Typical at 25°C 


0.01 (typ) 


0.01 (typ) 


0.01 (typ) 

AJA 


Capacitance (Note 4) 

SYMBOL PARAMETER 

C|N Input Capacitance 

Co Output Capacitance 

C|/o Data Input/Output Capacitance 


CONDITIONS 

V|N = 0V,f = 1 MHz,Ta= 25°C 
V|N = OV, f = 1 MHz, Ta = 25°C 
MM54C921/MM74C921 Only 



MAX 

UNITS 

7 

pF 

9 

pF 

12 

pF 


Note 1: "Absolute Maximum Ratings" are those values above which the device may be permanently damaged. They do not mean the device may 
be operated at these values. 

Note 2: These limits apply over the entire operating range specified in the "Operating Conditions" unless otherwise stated. 

Note 3: CEL = Vqc ~ 2V or = 2V, whichever is greater. 

Note 4: Capacitance is guaranteed by periodic testing. 
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Truth Table 


ST 

CES* 

CEL 

WE 

Dl* 

FUNCTION 

X 

X 

1 

X 

X 

Output in Hi-Z state 

0 

1 

X 

X 

X 

Output in Hi-Z state 

X 

X 

X 

0 

X 

Output in Hi-Z state 

0 

0 

0 

0 

0 

Write "0", output in Hi-Z state 

0 

0 

0 

0 

1 

Write "1", output in Hi-Z state 

0 

0 

0 

1 

X 

Read data, output enabled 


Set-up and hold times must be met 
X = don't care 


AC Electrical Characteristics (Note s) 


SYMBOL 

PARAMETER 

MM54C920 

MM54C921 

MM74C920 

MM74C921 

MM74C920-3 
MM74C921 -3 

UNITS 



MIN 

MAX 

MIN 

MAX 

MIN 

MAX 


tc 

Cycle Time 

290 


255 


330 , 


ns 

tACC 

Access Time From Address 


275 


250 


325 

ns 

tACS 

Access Time From Strobe 

j 

250 


225 


300 

ns 

tAS 

Address Set-Up Time 

25 


25 


25 


ns 

tAH 

Address Hold Time 

25 


25 


25 


ns 

tOE 

Output Enable Time 


150 


130 


130 

ns 

too 

Output Disable Time 


150 


130 


130 

ns 

^ST 

ST Pulse Width (Negative) 

150 


130 


165 


ns 

tST 

ST Pulse Width (Positive) 

140 


125 


165 


ns 

twP 

Write Pulse Width (Negative) 

150 


130 


165 


ns 

tos 

Data Set-Up Time 

100 


90 


90 


ns 

tDH 

Data Hold Time 

60 


60 


60 


ns 


Note 5: These limits apply over the operating range specified in the "Operating Conditions" with Irise ~ *FALL ~ 5 ns, load = 1 TTL gate + 
50 pF. 
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54C920/MM74C920, 

54C921/MM74C921 























54C920/MM74C920, 

54C921/MM74C921 
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(su)33Vi (su)dWj (su)HDi (su) HWj 


Typical Performance Characteristics 


Access Time vs Ambient 
Temperature 


Access Time vs Power Supply 
Voltage 



-5S-40 0 25 85 125 

TaCCI 



3 3.5 4 4.5 5 5.5 6 

VccIV) 


Minimum Write Pulse Width 
vs Ambient Temperature 



-55-40 0 25 85 125 

TaTC) 


Data-In Setup Time vs 
Ambient Temperature 



-55-40 0 25 85 125 


TaTC) 


Data In Hold Time vs 
Ambient Temperature 


Minimum ST Pulse Width 
(Positive) vs Ambient 
Temperature 


1 















Vc( 

= 4.5V 


■ 

_ 



J 



- 



Vcc = 5.5V| 


-55-40 0 25 85 125 


Ta(^C) 



-55-40 0 25 85 125 

Ta(“CI 



Address Hold Time vs 
Ambient Temperature 


Address Setup Time vs 
Ambient Temperature 


















Vcc 

= 4.5V 


- 

- 



Vcc = 

5,5V 








-55-40 0 25 85 125 

Ta (”C) 


30 
25 

■?> ’5 

5 
0 
-5 

-55-40 0 25 85 125 

Ta("C) 


1 


















Vcc = 4 

iV 










Vcc = 5.5V 



— 



54C920/MM74C920, 

54C921/MM74C921 






C920/MM74C920, 

C921/MM74C921 


ss 


ss 
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National 

Semiconductor 


CMOS RAMs 


MM54C929/MM74C929,MM54C930/MM74C930 
1024-Bit(1024 x 1)Static RAMs 


General Description 

The MM54C929/MIVI74C929 and the MM54C930/ 
MM74C930 1024 x 1 random access read/write memories 
are manufactured using silicon-gate CMOS technology. 
These RAMs are specifically designed to operate from 
standard 54/74 TTL power supplies; all inputs and 
outputs are TTL compatible. Data output is the same 
polarity as data input. Internal latches store the a ddress 
inputs and data output. Chip select input CS1 serves 
as a chip strobe, controlling address and data latching. 
The Data-In and Data-Out terminals can be tied together 
for common I/O applications. Complete address decoding, 
3-chip select functions (MM54C930/MM74C930) and 
TRI-STATE® output allow easy memory expansion and 
organization. The MM54C929/MM74C92 9 dif f ers f rom 
^MM54C930/MM74C930 only in that CS1, CS2 and 
CS3 are internally_connected together, providing a single 
chip-select input CS. 


Versatility, high speed, and low power make these RAMs 
ideal elements for use in many microprocessor, mini- 
computer and main-frame-memory applications. 

Features 

■ Fast access— 250 ns max 

■ TRI-STATE outputs 

■ Low power— 10 piA max standby 

■ On-chip registers 

■ Single 5V supply 

■ Inputs and output TTL compatible 

■ Data retained with Vqc low as 2V 

■ Can be operated common I/O 


Connection Diagrams 

Dual-In-Line Package 


Logic Symbols 



□ual-ln-Line Package 

“U 


CST-H 

AO- 

A1 — 

5 

A2 — 

6 

A3-H 
A4 ■ 

"1 

GND -H 


MM54C930 

MM74C930 


h" vcc 

17 

— CS3 

16 

— Dl 

15 _ 
— WE 

14 

— A9 
13 


• A8 





AO 



— 

At 



— 

A2 



— 

A3 



— 

A4 


Order Number MM54C929J, MM74C929J 

— 

A5 

MM54C929 

MM74C929 

or MM74C929J-3 



A6 

See NS Package J16A 

— 

A7 


Order Number MM74C929N or MM74C929N-3 

— 

AS 


See NS Package N16A 

— 

A9 




Dl 

CS WE 







AO 



— 

A1 



— 

AZ 



— 

A3 



— 

A4 

MM54C93D 
MM74C930 “ 

Order Number MM54C930J, IVIM74C930J 

— 

A5 

or MM74C930J-3 



A6 

See NS Package J18A 

— 

A7 


Order Number MM74C930N or MM74C930N-3 

— 

A8 


See NS Package N18A 


A9 



— 

Dl 




CS1 

CS2 CS3 WE 


mr 
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54C929/MM74C929, 

54C930/MM74C930 







I54C929/MM74C929, 

54C930/MM74C930 


Functional Description 


Address inputs are clocked i nto the input latches by the 
falling edge of chip strobe CSl; set-up and hold times 
must be observed on these input signals (see timing dia- 
gram). The true and complement address information is 
fed to the row and column decoders which select one of 
the 1024-bit locations. The addressed bit is fed, via a 
sense amplifier, to the output register and TRI-STATE 
buffer. The information is latched int o th e output 
register on the rising edge of chip strobe CSl. The out- 
put is in a hig h i mped ance state when the chip is not 
selected (CS2 or CS3 high) or when writing (WE low) . 
Output buffer control is independent of chip strobe CSl. 


Reduced-Voltage Operation 


These memories will retain data with reduced Vqq and 
hence are useful for battery-backup data storage. Certain 
precautions must be observed as Vcc 's reduced: (1) 
input voltages must remain between the Vqc ground 
of the, RAM or supply latch-up can occur, (2) WRITE 
mode must be avoided, (3) during power-up of Vcc> 
strobe (CS for the MM74C929 and CSl for the 
MM74C930) logic state must be maintained (either 
GND or V0c) while address control lines stabilize. 


Logic Diagram 


CSl (STROBE) I 


ADDRESS 

REGISTER 

AND 

INVERTERS 


ROW 

DECODER 


STORAGE 

MATRIX 

(LATCH) 






TRI-STATE® 

BUFFER 


ADDRESS REGISTER 
AND INVERTERS 
(LATCH) 


AS A6 A7 AS A9 


The MM74C930 has 3 chip selects CSl , CS2 and CS3. The MM74C929 has these internally 
connected together providing a single chip select input CS. 
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Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage, Vqq 7V 

Voltage at Any Pin -0.3V to V^c + 0-3V 

Storage Temperature Range -€5°C to +150°C 

Package Dissipation 500 mW 

Lead Temperature (Soldering 10 seconds) 300° C 


Operating Temperature Range 
MM54C929, MM54C930 
MM74C929, MM74C930 
MM74C929-3, MM74C930-3 


-55°Cto+125°C 
-40° C to +85° C 
0°C to +70° C 


DC Electrical Characteristics Vcc ~ 5V ±10%, Ta = Operating Range, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MM54C929, 

MM54C930 

MM74C929, 

MM74C930 

MM74C929-3, 
MM74C930-3 
(NOTE 1) 

UNITS 




MIN 


MIN 


MIN 



V|H 

Logical "1" Input Voltage 


Vcc-2.0 

Vcc 

Vcc-2.0 

Vcc 

Vcc-2.0 


V 

V|L 

Logical “0" Input Voltage 


0 

0.8 

0 

0.8 

0 


V 

VOHI 

Logical "1" Output Voltage 

lOH " 1 mA 

2.4 


2.4 


2.4 


V 

VOH2 

Logical "1 " Output Voltage 

IOUT = 0 

Vcc-0.1 


Vcc-0.1 


Vcc-0.1 


V 

VOLI 

Logical "0" Output Voltage 

IqL = 2.0 mA 


0.4 


0.4 


0.4 

V 

VqL2 

Logical "0" Output Voltage 

l0UT = 0 


0.01 


0.01 


0.01 

V 

l|L 

Input Leakage 

OV < V|N < Vcc 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

pA 

lo 

Output Leakage 

OV < Vo < Vcc. (Note 2) 

-1.0 

1.0 

-1.0 

1.0 

-1.0 

1.0 

pA 

<cc 

Supply Leakage Current 

V|N = Vcc. Vo = OV 


20 


10 


100 

pA 

VdR 

Vcc fot Data Retention 

(Note 3) 

2.0 


2.0 


2.0 


V 

idr 

Ice fot Data Retention 

Vcc = 2V, Ta = 25°C, (Note 2) 


0.01 

(typ) 


0.01 

(typ) 


0.1 

(typ) 

pA 


Note 1: Vcc = 5V ±5%. 

Note2: C^=C^=Vccor^=Vcc. 

Note 3: CS2 or CS3 or CS = V^c — 2V or = 2V, whichever is greater. 


AC Electrical Characteristics Vcc “ 5V ±10%, Ta = Operating Range, unless otherwise noted 


TTL Interface (V|H = Vcc ~ 2V, V|L “ 0.8V, Input tp)|sE “ tpALL “ ^ Load = 1 TTL Gate + 50 pF) 


SYMBOL 

PARAMETER 

MM54C929, 

MM54C930 

MM74C929, 

MM74C930 

MM74C929-3, 
MM74C930-3 
(NOTE 1) 

UNITS 



MIN 

MAX 

MIN 

MAX 

MIN 

MAX 


tc 

Cycle Time 

290 


255 


330 


ns 

tACC 

Access Time From Address 


265 


240 


315 

ns 

tACS.tACSI 

Access Time From CS, CS1 


250 


225 


300 

ns 

tAS 

Address Set-Up Time 

15 


15 


15 


ns 

tAH 

Address Hold Time 

50 


50 


50 


ns 

tOE 

Output Enable Time 


150 


130 


130 

ns 

tOD 

Output Disable Time 


150 


130 


130 

ns 

tcs.t^f 

(Note 4) 

CS, CS1 Pulse Width (Negative) 

150 


130 


165 


ns 

tcs.tcsi 

CS, CS1 Pulse Width (Positive) 

140 


125 


165 


ns 

tWP 

Write Pulse Width (Negative) 

150 


130 


165 


ns 

IDS 

Data Set-Up Time, (Note 5) 

150 


140 


140 


ns 

tDH 

•Data Hold Time, (Note 5) 

0 


0 


0 


ns 


Note 4: Greater than minimum CS pulse width must be used when reading data from the MM54C929/IVIM74C929 to ensure that output TRI- 
STATING does not occur before data becomes valid. Writing has no such limitation. 

Note 5; tps ^rid ton are referenced to the low-to-high transition of CS1 or CS2 or CS3 or WE,whichever switches first, for the MIV154C930/ 
MIVI74C930 and are referenced to the CS or WE low-to-high transition, whichever switches first, for the IVIM54C929/MM74C929. 



I54C929/MM74C929, 

I54C930/MM74C930 


















































54C929/MM74C929, 

54C930/MM74C930 


Capacitance (Note 6) 


SYMBOL 

PARAMETER 

CONDITIONS 

C|N 

Input Capacitance 

ViN = 0, f = 1 MHz, Ta=25“C 

Co 

Output Capacitance 

ViN = 0, f = 1 MHz, Ta = 25°C 

Cos 

Chip Select Capacitance 

MM54C929/MM74C929, MM74C929-3 



MAX 

UNITS 

7 

pF 

9 

pF 

12 

pF 


Note 6; Capacitance maximum is guaranteed by periodic testing. 


Truth Tables 

MM54C929/MM74C929 



X I Output in Hi-Z State 
Output in Hi-Z State 
Write "0," Output in Hi-Z State 
Write "1," Output in Hi-Z State 
Read Data, Output Enabled 


MM54C930/MM74C930 


USZ CS3 


X = Don't care 


Output in Hi-Z State 
Output in Hi-Z State 
Output in Hi-Z State 
Write "0," Output in Hi-Z State 
Write "1," Output in Hi-Z State 
I Read Data, Output Enabled 


Switching Time Waveforms 



»ACS 

tApP 

■ TRI-STATE® - 


DATA OUT VALID 


Greater than minimum CS pulse width must be used when reading data from the 
MM54C929/MI\/I74C929 to ensure that output TRI-STATING does not occur before data 
becomes valid. Writing has no such limitation, (Figure 4a). 

FIGURE 2a. MM54C929/MM74C929 Read Cycle 










X 

*AS- 


— ^'AH - — 



V. 



tACC- 


'ACS1- 

-tACC-— 
TRI-STATE® ~ 


DATA OUT VALID 


FIGURE 2b. MM54C930/MM74C930 Read Cycle 
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Switching Time Waveforms (Continued) 



/yX X 

v //// / / / / / y \ 

*twp (the Write Pulse width) is the time CS and WE are coincidentally low 
FIGURE 3a. MM54C929/MM74C929 Write Cycle 





*tWP (the Write Pulse width) is the time CS1, CS2, CS3 and WE are coincidentally low 

FIGURE 3b. MM54C930/MM74C930 Write Cycle 



Oquj — — — TRISTATE®— — — 


1- <0D 

DATA OUT VALID 


FIGURE 4a. MM54C929/MM74C929 


Y* *0E 

—TRI-STATE®— — — 


*0E ^ |- *0D 

— ^ DATA OUT VALID 

FIGURE 4b. MM54C930/MM74C930 


22 
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C929/MM74C929, 

C930/MM74C930 







54C929/MM74C929, 

I54C930/MM74C930 
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Typical Performance Characteristics (Continued) 


Minimum CS1 Pulse Width Dynamic Current vs Power 

Output Enable Time vs (Negative) vs Ambient Supply Voltage 

Ambient Temperature Temperature (V|n = Vqq, V|l = OV) 



TaTC) Ta(°C) Vcc(V) 
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54C929/MM74C929, 

I54C930/MM74C930 





National cmos rams 

Semiconductor 

MM54C989/MM74C989 64-Bit (16 x 4) TRI-STATE® RAM 

General Description 

The MM54C989/MM74C989 is a 16-word by 4-bit 
random access read/write memory. Inputs to the memory 
consist of 4 address lines, 4 data input lines, a write 
enable line and a memory enable line. The 4 binary 
address inputs are decoded internally to select each of 
the 16 possible word locations. An internal address 
register latches the address information on the positive 
to negative transition of the memory enable input. The 4 
TRI-STATE data output lines working in conjunction 
with the memory enable input provides for easy memory 
expansion. 

Address Operation: Address inputs must be stable tsA " Wide supply voltage range 

prior to the positive to negative transition of memory ■ Guaranteed noise marain 

enable. It is thus not necessary to hold address informa- 
tion stable for more than t|-iA after the memory is ■ High noise immunity 

enabled (positive to negative transition of memory . 

Mi). ■ Low power TTL 

compatibility 

Note. The timing is different than the DM7489 in that ■ Input address register 
a positive to negative transition of the memory enable 
must occur for the memory to be selected. ■ Low power consumption 250 nW/package typ 

@ Vcc = 5V 

Write Operation: Information present at the data inputs . 140 ns typ at Vcc = 5V 

is written into the memory at the selected address by 

bringing write enable and memory enable low. ■ TRI-STATE output 


3.0V to 5.5V 
1.0V 

0.45 Vcc typ 

fan out of 2 
driving 74L 


Read Operation: The complement of the information 
which was written into the memory is non-destructively 
read out at the 4 outputs. This is accomplished by 
selecting the desired address and bringing memory enable 
low and write enable high. 

When the device is writing or disabled the output assumes 
a TRI-STATE (Hi-Z) condition. 

Features 



Logic and Connection Diagrams 



Dual-in-Line Package 



Order Number MM54C989J 
or MM74C989J 
See NS Package J16A 

Order Number MM74C989N 
See NS Package N16A 
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Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Voltage at Any Pin 

Package Dissipation 

Absolute Maximum Vqq 

Lead Temperature (Soldering, 10 seconds) 




MIN 

MAX 

UNITS 

-0.3V to Vcc + 0.3V 

Supply Voltage (Vcc) 




500 mW 

MM54C989 

4.7 

5.5 

V 

7.0 V 

MM74C989 

4.75 

5.25 

V 

300° C 

Temperature (T/\) 





MM54C989 

-55 

+125 

°c 


MM74C989 

-40 

+85 

°c 


Operating S/qc Range 
Standby V^q Range 


3.0V to 5.5V 
1.5V to 5.5V 


DC Electrical Characteristics mm54C989/mm74C989 

(Min/max limits apply across the temperature and power supply range indicated). 



AC Electrical Characteristics mm54C989/mm74C989 

Ta = 25 °c, Vcc = 5V, Cl = 50 pF 


PARAMETER 

tACC 

Access Time From Address 

tPD 

Propagation Delay From ME 

tSA 

Address Input Set-Up Time 

tHA 

Address Input Hold Time 

tME 

Memory Enable Pulse Width 

tME 

Memory Enable Pulse Width 

tSD 

Data Input Set-Up Time 

tHD 

Data Input Hold Time 

tWE 

Write Enable Pulse Width 

tIH.tOH 

Delay to TRI-STATE, Cl = 5 pF, R l = 10k, (Note 4) 

CAPACITANCE ' 

C|N 

Input Capacity, Any Input, (Note 2 ) 

COUT 

Output Capacity, Any Output, (Note 2) 

CPD 

Power Dissipation Capacity, (Note 3) 



MM54C989/MM74C989 
































MM54C989/MM74C989 


AC Electrical Characteristics (Continued) 

MM54C989: Ta = -55°C to +125°C, Vcc = 4.5V to 5.5V. Cl = 50 pF 
MM74C989: Ta = -40°C to +85°C, VcC = 4.75V to 5.25V. Cl = 50 pF 


tACC Access Time From Address 

tpDl, tpDO Propagation Delay From ME 

t$A Address Input Set-Up Time 

t|HA Address Input Hold Time 

t|viE Memory Enable Pulse Width 

t^ Memory Enable Pulse Width 

tsD Data Input Set-Up Time 

tj-iD Data Input Hold Time 

tWE Write Enable Pulse Width 

^IH-^OH Delay to TRI-STATE, (Note 4) 



Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3; Cpo determines the no load AC power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics 
application note, AN-90. 

Note 4: See AC test circuit for ti h. fOH- 


Truth Table 


ME 

WE 

OPERATION 

CONDITION OF OUTPUTS 

L 

L 

Write 

TRI -STATE 

L 

H 

Read 

Complement of Selected Word 

H 

L 

Inhibit, Storage 

TRI-STATE 

H 

H 

Inhibit, Storage 

TRI-STATE 


AC Test Circuits 


All Other AC Tests 



<10k 




DATA 

1 , 

DATA 


DATA 

OUTPUT 

_L' 

5.0 pF 

OUTPUT 

J A.* 

OUTPUT 




10k? __5.0pF 
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Switching Time Waveforms 


Read Cycle (Note 1) 


Write Cycle (Note 1 ) 




Read-Modify-Write Cycle (Note 1) 





O ' Vrr 

T 

~ TRI STATE 


Note 1: MEMORY ENABLE must be brought high for t|viE ns between every address change. 
Note 2: t^ = tf = 20 ns for all inputs. 
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^ National 
£m Semiconductor 


CMOS RAMS 

PRELIMINARY 


NMC6504 4096-Bit (4096 x 1) Static RAM 


General Description 


The NMC6504 is a static CMOS random access read/write 
memory organized as 4096 words of 1 bit each. This device 
is fabricated with National Semiconductor’s silicon-gate 
CMOS technology and is fully compatible to the TTL en- 
vironment. Synchronous operation is provided by on-chip 
address, data, and write latches. The ENABLE input 
serves as the device strobe controlling the latching func- 
tions. The TRI-STATE® output, in conjunction with the 
ENABLE input, allows easy memory expansion. 


Features 

■ Industry standard pinout 

■ Low data retention voltage — 2V 

■ Low speed/power product 

■ TTL compatible — all inputs and outputs 

■ TRI-STATE® outputs for bus operation 

■ High output drive 

■ High noise immunity 

■ Military temperature range available 

■ On-chip address registers (latches) 

■ Common I/O — high density packaging 

■ Output data latches 

■ Input data latches 

■ Select latch for microprocessor interface 


Connection Diagram 


Logic Symboi 


Dual-In-Line Package 



Order Number NMC6504J-2, NMC6504J-9 
or NMC6504J-S 
See NS Package J18A 


Order Number NMC6504N-5 
See NS Package N18A 


AO 


A1 


A2 

0 

A3 


A4 


AS 


A6 


A7 


AS 


A9 

Q 

A10 


All 

W 

E 


Address Inputs 
Chip Enable 
Write Enable 
Data Input 
Data Output 
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Functional Description 

An NMC6504 memory cycle is initiated by the faliing edge 
of the ENABLE (E) input which iatches the address infor- 
mation into the on-chip registers. On-chip iatches allow 
selection of a read, early write, or read-mo^fy-write cycle 
as a function of the ENABLE and WRITE (W) input levels 
and timing. Data output is enabled by the falling edge of 
the ENABLE input and disabled by the rising edge except 
when performing an early write cycle. The input and out- 
put data iatches are transparent except during the write 
puise (not the WRITE input). 


When performing a read cycle a minimum ENABLE LOW 
time is required to assure valid data at the output. This 
minimum LOW time is defined as the enable access time. 
A minimum ENABLE HIGH time is required to return the 
columns to the HIGH state and to precharge the sense 
amplifiers in preparation of the next cycle. 


An early write cycle is performed by preceding the 
ENABLE with the HIGH to LOW transition of the WRITE in- 
put. The WRITE input level is latched, and set-up and hold 
times must be met. The data output is not enabled during 
an early write cycle. The input data set-up and hold times 
are referenced to the leading edge of the write pulse, 
which is initiated by the falling edge of the ENABLE input 
and terminated by the rising edge of the ENABLE. 

A read-modify-write cycle is performed as a read cycle, for 
the enable access time, followed by the write pulse which 
is Initiated by the falling edge of the WRITE input and 
terminated by the rising edge of either the ENABLE or 
WRITE input, whichever occurs first. The input data set-up 
and hold times are referenced to the falling edge of the 
WRITE input. Data is latched when the WRITE input goes 
LOW, allowing the modified data to be written into the 
memory while continuing to read the original data. 


Block Diagram 


ADDRESS 
LATCH AND 
INVERTERS 


FUNCTIONS ARE POSITIVE 


4 

ADDRESS 

ADDRESSES AND CONTROL 


LATCH AND 

LATCHES ON THE RISING 


INVERTERS 

EDGE OF L 


Tl 1 1 IT 

A3 A4 AS All AID A9 

(MSB) 
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NMC6504 


Absolute Maximum Ratings 


Operating Range 


Max 


Supply Voltage VCC 
Voltage at Any Pin 
Storage Temperature Range 
Package Dissipation 

Lead Temperature (Soldering, 10 seconds) 


7V 

-0.3V to VCC +0.3V 
-65"Cto +150"C 
500 mW 
300“C 


Supply Voltage 
NMC6504-9 
NMC6504-2 
NMC6504-5 
Temperature 
NMC6504-9 
NMC6504-2 
NMC6504-5 


DC Electricai Characteristics over the operating range, unless otherwise noted 


Symbol 

Parameter 

Conditions 

NMC6504-9, NMC6504-2 

NMC6504-5 

Units 

Min 

Max 

Min 

Max 

VCCDR 

Data Retention Supply 
Voltage 

VI = VCC,GND 

2.0 


2.0 


V 

ICCSB 

Standby Supply Current 



50 


500 


ICCOP* 

Operating Supply 

f = 1 MHz, 10 = 0, 


10 


10 

mA 


Current 

VI = VCC orGND 






ICCDR 

Data Retention Supply 

VCC = 3.0V, 10 = 0, 


25 


500 



Current 

VI = VCC orGND 






II 

Input Leakage Current 

VI = VCC, GND 

-1.0 

-fl.O 

-10 

-flO 

fiA 

VIL 

Input Low Voltage 


-0.3 

0.8 

-0.3 

0.8 

V 

VIH 

Input High Voltage 


VCC -2.0 

VCC -f 0.3 

VCC -2 

VCC -1-0.3 

V 

lOZ 

Output Leakage Current 

VI = VCC, GND 

-1.0 

-M.O 

-10 

-(-10 

aA 

VOL 

Output Low Voltage 

IOL = 2.0 mA 


0.4 


0.45 

V 

VOH 

Output High Voltage 

IOH= -1.0 mA 

2.4 


2.4 


V 

Cl 

Input Capacitance 

f = 1 MHz 


8 


8 

■ 

CO 

Output Capacitance 

f = 1 MHz 


10 


10 


* ICCOP is proportional to operating frequency. 

AC Test Conditions 

Input Rise and Fall Times; <20 ns 
All Timing Reference Levels: 1/2 VCC 
Output Load: 1 TTL Load, 50 pF 

NMC6504 Bit Map and Address Decoding 

[ vcc [ 


(MSB) ROWS ILSBI 
AZ At AO A6 A7 AB 



2-32 
































Read Cycle AC Electrical Characteristics over the operating range • 


Symbol 

Parameter 

1 NMC6504-9, NMC6504-2 1 

1 NMC6504-5 | 

Units 

Min 

Max 

Min 

Max 

TAVEL 

Address Set-up Time 

20 


20 


ns 

TELAX 

Address Hold Time 

50 


50 


ns 

TELQV 

Enable Access Time 


300 


350 

ns 

TAVQV 

Address Access Time 


320 


370 

ns 

TELEH 

Enable (E) Minimum Low Time 

300 




ns 

TELEL 

Read or Write Cycle Time 

420 



ns 

TEHEL 

Enable (E) Minimum High Time 

120 


150 


ns 

TELQX 

Output Enable from Enable (E) 


100 


100 

ns 

TEHQZ 

Output Disable from Enable (E) 


100 


100 

ns 




2-33 


NMC6504 
























NMC6504 


Write Cycle AC Electrical Characteristics over the operating range 


Symbol 

Parameter 

NMC6504-9, NMC6504-2 

NMC6504-5 

Units 

Min 

Max 

Min 

Max 

TAVEL 

Address Set-up Time 

20 


20 


ns 

TELAX 

Address Hold Time 

50- 


50 


ns 

TWLWH 

Write Pulse Width (W Low) 

80 


100 


ns 

TELEL 

Read or Write Cycle Time 

420 


500 


ns 

TELEH 

Enable (E) Minimum Low Time 

300 


350 


ns 

TDVWL 

Data Set-up Time 

0 


30 


ns 

TEHEL 

Enable (E) Minimum High Time 

120 


150 


ns 

TWLDX 

Data Hold Time 

80 


100 


ns 

TELWH 

Write Pulse Width (E and W Low) 

80 


100 


ns 

TELWL 

Early Write Output Hi-Z Time 

0 


0 


ns 

TWLEH 

Write Pulse Width (W and E Low) 

200 


250 


ns 

TELQX 

Output Enable from E 


100 


100 

ns 

TELQV 

Enable Access Time 


300 


350 

ns 

TEHQZ 

Output Disable from E 


100 


100 

ns 


Write Cycle Waveforms 
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Early Write Cycle AC Electrical Characteristics over the operating range 



Address Set-up Time 
Address Hoid Time 
Write Pulse Width (E and W Low) 
Early Write Data Set-up Time 
Enable (E) Minimum Low Time 
Early Write Set-up Time 
Enable (E) Minimum High Time 
Early Write Data Hold Time 
Read or Write Cycle Time 



Early Write Cycle Waveforms 


— -j TELAX 



2-35 


NMC6504 























NMC6504 


Read-Modify-Write Cycle AC Electrical Characteristics over the operating range 


Symbol 

Parameter 

1 NMC6504-9, NMC6504-^ 

1 NMC6504-5 | 

Units 

Min 

Max 

Min 

Max 

TAVEL 

Address Set-up Time 

20 


20 


ns 

TELAX 

Address Hold Time 

50 


50 


ns. 

TELQV 

Enable Access Time 


300 


350 

ns 

TAVQV 

Address Access Time 


320 


370 

ns 

TEHEL 

Enable (E) Minimum High Time 

120 


150 


ns 

TWHEL 

W Read Mode Set-up Time 

0 


0 


ns 

TWLEH 

Write Pulse Width (W and E Low) 

200 


250 • 


ns 

TQVWL 

Data Vaiid to Write Time 

0 


0 


ns 

TWLWH 

Write Pulse Width (W Low) 

80 


100 


ns 

TWLDX 

Data Hoid Time 

80 


100 


ns 

TELQX 

Output Enable from Enable (E) 


100 


100 

ns 

TEHQZ 

Output Disable from Enable (E) 


100 


100 

ns 

TDVWL 

Data Set-up Time 

0 


30 


ns 


Read-Modify-Write Cycie Waveforms 
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National 

Semiconductor 


CMOS RAMS 


NMC6508 1024-Bit (1024 x 1) Static RAM 


General Description 


The NMC6508 is a static CMOS random access read/write 
memory organized as 1024 words of 1 bit each. This device 
is fabricated with National Semiconductor’s silicon-gate 
CMOS technology and is fuliy compatibie to the TTL en- 
vironment. Synchronous operation is provided by the on- 
chip latches for the address Inputs. The NMC6508 may be 
used in common I/O applications by externally connecting 
the data input and output terminals. The TRI-STATS'^’ out- 
put, in conjunction with the ENABLE input, allows for easy 
memory expansion. 


Features 

■ Industry standard pinout 

■ Low data retention voltage — 2V 

■ Low speed/power product 

■ TTL compatible — all inputs and outputs 

■ TRI-STATE’ outputs for bus operation 

■ High output drive 

■ High noise immunity 

■ Military temperature range available 

■ On-chip address registers (latches) 

■ 16 pin — high density packaging 

■ Output data latches 


Connection Diagram 


Logic Symbol 


Dual-ln-Lino Package 



AO 

D 

A1 


AZ 


A3 


A4 


A5 


A6 


A7 


AS 


A9 

W 

a 

E 


Order Number NMC6508J-2, NMC6508J-9 
or NMC6508J-5 
See NS Package J18A 

Order Number NMC6508N-5 
See NS Package N18A 


Address Inputs 
Chip Enable 
Write Enable 
Data Input 
Data Output 
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NMC6508 


Functional Description 

An NMC6508 memory cycle is initiated by the faiiing edge 
of the ENABLE (E) input, which iatches the address infor- 
mation into the on-chip registers. The output buffer is 
enabled when the WRITE (W) input is HiGH and the 
ENABLE input is LOW. 

When performing a read cycle a minimum ENABLE LOW 
time is required to assure vaiid data at the output. This 
minimum LOW time is defined as the device enabie ac- 
cess time. A minimum ENABLE HIGH time is required to 


return the columns to the HIGH state and to precharge 
the sense amplifiers in preparation of the next memory 
cycie. 

When performing a write cycie, the minimum ENABLE 
LOW time is required to enter new data. The write puise is 
created by the coincident LOW of the ENABLE and 
WRiTE inputs. The data set-up and hoid times are 
referenced to the rising edge of either the ENABLE or 
WRITE input, whichever occurs first. 


Block Diagram 
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Absolute Maximum Ratings 


Operating Range 


Supply Voltage VCC 
VoltageatAny Pin 
Storage Temperature Range 
Package Dissipation 

Lead Temperature (Soldering, 10 seconds) 


7V 

-0.3V to VCC +0.3V 
-65"Cto +150*C 
500 mW 
300*C 


— ..—•■gw 

Min 

Max 

Supply Voltage 

NMC6508B-9 

4.5V 

5.5V 

NMC6508B-2 

4.5V 

5.5V 

NMC6508-9 

4.5V 

5.5V 

NMC6508-2 

4.5V 

5.5V 

NMC6508-5 

4.75V 

5.25V 

Temperature 

NMC6508B-9 

-40"C 

85*C 

NMC6508B-2 

-55“C 

125"C 

NMC6508-9 

-40'C 

85 'C 

NMC6508-2 

-55’C 

125'C 

NMC6508-5 

0‘C 

75'C 


DC Electrical Characteristics over the operating range, unless otherwise noted 



NMC6508B-9, NMC6508B-2 
NMC6508-9, NMC6508-2 


Max 



VCCDR Data Retention Supply 
Voltage 

ICCSB Standby Supply Current 
ICCOP* Operating Supply 
Current 

ICCDR Data Retention Supply 
Current 


VI = VCC,GND 


f = 1 MHz, I0=0, 
VI = VCC orGND 
VCC = 3.0V, 10 = 0, 
VI = VCC orGND 
VI = VCC,GND 


Input Leakage Current VI = VCC, GND 
Input Low Voltage 
Input High Voltage 

Output Leakage Current VI = VCC, GND 
Output Low Voltage IOL = 3.2 mA 
Output High Voltage IOH=- 0.4 mA 

Input Capacitance f = 1MHz 

Output Capacitance f = 1MHz 


* ICCOP is proportional tooperating frequency. 

AC Test Conditions 

Input Rise and Fall Times: s20ns 
All Timing Reference Levels: 1/2 VCC 
Output Load: 1 TTL Load, 50 pF 

NMC6508 Bit Map and Address Decoding 

I VCC I 


- 1.0 

-0.3 

VCC -2.0 
- 1.0 


+ 1.0 
0.8 

VCC + 0.3 
+ 1.0 
0.4 


- 1.0 
-0.3 
VCC -2 
- 1.0 


(MSB) ROWS (LSB) 
A9 AB A2 A1 AO 



COLUMN OECOOER 


SENSE AMPS 


COLUMN OECOOER 


+ 1.0 
0.8 

VCC + 0.3 
+ 1.0 
0.4 
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NMC6508 


Read Cycle AC Electrical Characteristics over the operating range 




Address Set-up Time 
Address Hoid Time 
Enable Access Time 
Address Access Time 
Enable (E) Minimum Low Time 
Output Enable from Enable (E) 
Output Disable from Enable (E) 
Enable (E) Minimum High Time 
Read or Write Cycle Time 



Read Cycle Waveforms 


— -j TELAX K- 
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Write Cycle AC Electrical Characteristics over the operating range 


Symbol 

Parameter 

NMC6508B-9 

NMC6508B-2 

NMC6508-9 

NMC6508-2 

NMC6508-5 

Units 



Min 

Max 

Min 

Max 

Min 

Max 


TAVEL 

Address Set-up Time 

0 


0 


10 


ns 

TELAX 

Address Hoid Time 

40 


50 


70 


ns 

TEHEL 

Enabie(E) Minimum High Time 

100 


100 


150 


ns 

TDVWH 

Data Set-up Time 

80 


110 


130 


ns 

TELWH 

Write Puise Width (E and W Low) 

100 

i 

130 


160 


ns 

TWLWH 

Write Puise Width (W Low) 

100 


130 


160 


ns 

TELEL 

Read or Write Cycie Time 

280 


350 


450 


ns 

TWHDM 

Data Hoid Time 

0 


0 


0 


ns 

TWLEH 

Write Puise Width (E and W Low) 

100 


130 


160 


ns 

TELEH 

Enable (E) Minimum Low Time 

180 


250 


300 


ns 

TELQX 

Output Enable from E 


120 


160 


200 

ns 

TWLQZ 

Output Disable from W 




160 


200 

ns 

TWHQX 

Output Enable from W 


■n 


160 


200 

ns 

TEHQZ 

Output Disable from E 


Hi 


160 


200 

ns 

1 


Write Cycle Waveforms 
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Read-Modify-Write Cycle AC Electrical Characteristics over the operating range 


Symbol 

Parameter 

NMC6508B-2 

NMC6508-2 

NMC6508-5 

Units 



Min 

Max 

Min 

Max 

Min 

Max 


TAVEL 

Address Set-up Time 

0 


0 


10 


ns 

TELAX 

Address Hoid Time 

40 

■ 

50 


70 


ns 

TELQV 

Enable Access Time 




250 


300 

ns 

TAVQV 

Address Access Time 


■■ 


250 


310 

ns 

TEHEL 

Enable (E) Minimum High Time 

too 


100 


150 


ns 

TWHDM 

Data Hold Time 

0 


0 


0 


ns 

TQVWL 

Data Valid to Write Time 

0 


0 


0 


ns 

TWHEL 

W Read Mode Set-up Time 

0 


0 


0 


ns 

TWLWH 

Write Pulse Width (W Lotw) 

100 


130 


160 


ns 

TELQX 

Output Enable from Enable (E) 


120 


160 


200 

ns 

TEHQZ 

Output Disable from Enable (E) 


120 


160 


200 

ns 

TWLQZ 

Output Disable from Write (W) 


120 


160 


200 

ns 

TDVWH 

Data S^t-up Time 

80 


110 


130 


ns 

TWHQX 

Output Enable from Write (W) 


120 


160 


200 

ns 


Read’Modify-Write Cycle Waveforms 

— H TELAX f- — 



TWHDX 

' Output enable can be avoided by preceding the rising edge of W with the rising edge of E by time; TEHQZ 
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National 

Semiconductor 


CMOS RAMS 

PRELIMINARY 


NMC6514 4096-Bit (1024 x 4) Static RAM 


General Description 


Features 


The NMC6514 is a static CMOS random access read/write 
memory organized as 1024 words of 4 bits each. This 
device is fabricated with National Semiconductor’s 
siiicon-gate CMOS technology and is fully compatible 
with the TTL environment. Synchronous operation is pro- 
vided by on-chip address iatches. The ENABLE input 
serves as the device strobe controliing the address 
latching function. The data I/O terminals, when not output 
data enabled, represent a high impedance for easy 
memory expansion. 


■ Industry standard pinout 

■ Low data retention voltage — 2V 

■ Low speed/power product 

■ TTL compatible — all inputs and outputs 

■ TRi-STATE® outputs for bus operation 

■ High output drive 

■ High noise immunity 

■ Military temperature range available 

■ On-chip address registers (latches) 

■ Common I/O — high density packaging 


Connection Diagram 


Logic Symbol 


Dual-In-Line Package 



Order Number NMC6514J-2, NMC6514J-9 
orNMC6514J-5 
See NS Package J18A 


Order Number NMC6514N-5 
See NS Package N18A 


Pin Names 


A0-A9 

E 

W 

DQ0-DQ3 


Address Inputs 
Chip Enable 
Write Enable 
Data In/Out 




AO 

DQO 

— 

— 

At 



— 

A2 



— 

A3 

DQ1 

— 

— 

A4 



— 

AS 



— 

AS 

DQ2 

— 

— 

A7 



— 

AS 



— 

A3 

W 

DQ3 

E 

— 



NMC6514 






NMC6514 


Functional Description 

An NMC6514 memory cycle is initiated by the falling edge 
of the ENABLE (E) input, which latches the address infor- 
mation into the on-chip registers. Read, write, the read- 
modify-write cycles ^e selected as a function of the 
ENABLE and WRITE (W) input levels and timing. Data out- 
put is enabled by the falling edge of the ENABLE input and 
disabled by the rising edge when the WRITE input is HIGH. 
The output is disabled when writing. 

When performing a read cycle a minimum ENABLE LOW 
time is required to assure valid data at the output. This 
minimum LOW time is defined as the device enable ac- 
cess time. A minimum ENABLE HIGH time is required to 
return the columns to the HIGH state and to precharge 
the sense amplifiers in preparation of the next cycle. 


When performing a write cycle a minimum ENABLE LOW 
time is required to enter the new data. The write pulse is 
created by the coincident LOW of the ENABLE and 
WRITE inputs. The data set-up and hold time are 
referenced to the rising edge of either the ENABLE or 
WRITE inputs whichever occurs first. 

A read-modify-write cycle is performed as a read cycle, for 
the enable access time, followed by the write pulse 
caused by the LOW time of the WRITE input. The output 
data is disabled by the falling edge of the WRITE input, 
and input data, meeting the set-up and hold requirements 
must be provided. 


Block Diagram 



FUNCTIONS ARE POSITIVE 







ADDRESS 
LATCH AND 
INVERTERS 


AD A1 AZ A3 (MSB) 
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Absolute Maximum Ratings 


Operating Range 


Supply Voltage VCC 
Voltage at Any Pin 
Storage Temperature Range 
Package Dissipation 

Lead Temperature (Soldering, 10 seconds) 


7V 

-0.3V to VCC +0.3V 
-65“Cto +150”C 
500 mW 
300*C 


Supply Voltage 
NMC6514-9 
NMC6514-2 
NMC6514-5 
Temperature 
NMC6514-9 
NMC6514-2 
NMC6514-5 


DC Electrical Characteristics over the operating range, unless otherwise noted 


Symbol 

Parameter 


1 NMC6514-9, NMC6514-2 | 

1 NMC6514-5 I 

Units 


Min 

Max 

Min 

Max 

VCCDR 

Data Retention Supply 
Voltage 

VI = VCC, GND 

2.0 


2.0 


V 

ICCSB 

Standby Supply Current 



50 


500 

/xA 

ICCOP* 

Operating Supply 
Current 

f = 1 MHz, 10 = 0, 
VI = VCC or GND 


10 


10 

mA 

ICCDR 

Data Retention Supply 
Current 

VCC = 3.0V, 10 = 0, 
VI = VCC or GND 


25 


500 

/xA 

II 

Input Leakage Current 

VI = VCC, GND 

-1.0 

+ 1.0 

-10 

+ 10 

mA 

VIL 

Input Low Voltage 


-o;3 

0.8 

-0.3 

0.8 

V 

VIH 

Input High Voltage 


VCC - 2.0 

VCC + 0.3 

VCC -2 

VCC + 0.3 

V 

lOZ 

Output Leakage Current 

VI = VCC, GND 

-1.0 

+ 1.0 

-10 

+ 10 

/<A 

VOL 

Output Low Voltage 

IOL = 2.0 mA 


0.4 


0.4 

V 

VOH 

Output High Voltage 

IOH= -1.0 mA 

2.4 


2.4 


V 

Cl 

Input Capacitance 

f = 1 MHz 


8 


8 

IM 

CO 

Output Capacitance 

f=1 MHz 

1 

10 


10 



* ICCOP is proportional to operating frequency, 

AC Test Conditions 

Input Rise and Fall Times: <20 ns 
All Timing Reference Levels: 1/2 VCC 
Output Load: 1 TTL Load, 50 pF 


NMC6514 Bit Map and Address Decoding 

Vcc 


(MSB) ROWS (LSB) 
A4 AS A6 A7 A8 A9 


M6 C0LUMNS-i-+- 16 COLUMNS- 


-16C0LUMNS-H- 16C0LUMNS- 



COLUMN DECODER 1 COLUMN DECODER 


COLUMN DECODER I COLUMN DECODER 
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NMC6514 


Read Cycle AC Electrical Characteristics over the operating range 


Symbol 

Parameter 

I NMC6514-9, NMC6514-2 | 

1 NMC6514-5 I 

Units 

Min 

I Max I 

Min 

1 Max ' I 

TAVEL 

Address Set-up Time 

20 


20 

■1 

ns 

TELAX 

Address Hold Time 

50 


50 

■I 

ns 

TELQV 

Enable Access Time 





ns 

TAVQV 

Address Access Time 


■■ 



ns 

TELEH 

Enable (E) Minimum Low Time 

300 


350 


ns 

TEH EL 

Enable (E) Minimum High Time 

120 


150 


ns 

TELQX 

Output Enable from Enable (E) 


100 


100 

ns 

TEHQZ 

Output Disable from (E) 


100 


100 

ns 

TELEL 

Read or Write Cycle Time 

420 


500 


ns 


Read Cycle Waveforms 
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Write Cycle AC Electrical Characteristics over the operating range 


Symbol 

Parameter 

INMC6514-9, NMC6514-2I 

1 NMC6514-5 1 

Units 

Min 

Max 

Min 

Max 

TAVEL 

Address Set-up Time 

20 


20 


ns 

TELAX 

Address Hold Time 

50 


50 


ns 

TWLEH 

Write Pulse Width (E and W Low) 

300 


350 


ns 

TEHEL 

Enable (E) Minimum High Time 

120 


150 


ns 

TWLWH 

Write Pulse Width (W Low) 

300 


350 


ns 

TELEL 

Read or Write Cycle Time 

420 


500 


ns 

TWHQX 

Output Enable from Write (W) 


100 


100 

ns 

TELQX 

Output Enable from Enable (E) 


100 


100 

ns 

TEHQZ 

Output Disable from Enable (E) 


100 


100 

ns 

TWLQZ 

Output Disable from Write 


100 


100 

ns 

TDVWH 

Data Set-up Time 

200 


250 


ns 

TWHDZ 

Data Hold Time 

0 


0 


ns 

TELWH 

Write Pulse Width (E and W Low) 

300 


350 


ns 
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NMC6514 


Read-Modify-Write Cycle AC Electrical Characteristics over the operating range 


Symbol 

Parameter 

NMC6514-9, NMC6514-2{ 

1 NMC6514-5 I 

Units 

Min 

Max 

Min 

Max 

TAVEL 

Address Set-up Time 

20 


20 


ns 

TELAX 

Address Hoid Time 

50 


50 


ns 

TELQV 

Enable Access Time 


300 


350 

ns 

TAVQV 

, Address Access Time 


320 


370 

ns 

TWLQZ 

Output Disable from Write (W) 


100 


100 

ns 

TDVWH 

Data Set-up Time 

200 


250 


ns 

TWHDX 

Data Hold Time 

0 


0 


ns 

TWLEH 

Write Pulse Width (W and E Low) 

300 


350 


ns 

TQVWL 

Data Valid to Write Time 

0 


0 


ns 

TWLWH 

Write Pulse Width (W Low) 

300 


350 


ns 

TELQX 

Output Enable from Enable (E) 


100 


100 

ns 

TEHEL 

Enable (E) Minimum High Time 

120 


150 


ns 

TWHEL 

W Read Mode Set-up Time 

0 


0 


ns 


Read-Modify-Write Cycle Waveforms 



* Avoid bus contention 
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National 

Semiconductor 


CMOS RAMS 


NMC6518 1024-Bit (1024 x 1) Static RAM 


General Description 


The NMC6518 is a static CMOS random access read/write 
memory organized as 1024 words of 1 bit each. This device 
is fabricated with National Semiconductor’s silicon-gate 
CMOS technology and is fuiiycompatible with the TTLen- 
vironment. Synchronous operation is provided by the on- 
chip latches for the address inputs and data output. The 
ENABLE input serves as the device strobe controlling the 
latching functions. The TRI-STATE® output, in conjunc- 
tion with the ENABLE input, allow easy memory 
expansion. 


Features 

■ Industry standard pinout 

■ Low data retention voltage — 2V 

■ Low speed/power product 

■ TTL compatible — - all inputs and outputs 

■ TRI-STATE® outputs for bus operation 

■ High output drive 

■ High noise immunity 

■ Military temperature range available 

■ On-chip address registers (latches) 

■ 18 pin — high density packaging 

■ Output data latches 


Connection Diagram 


Logic Symboi 


Dual-ln-Line Package 



AO 


At 

D 

A2 


A3 


A4 


AS 


A6 


A7 


A8 

Q 

A9 


W 

E SI S2 


Order Number NMC6518J-2, NMC6518J-9 
or NMC6518J-5 
See NS Package J16A 

Order Number NMC6518N-5 
See NS Package N16A 


Pin Names 


Address Inputs 
Chip Enable 
Write Enable 
Data Input 
Data Output 
Chip Selects 
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NMC6518 


Functional Description 

An NMC6518 memory cycle is initiated by the falling edge 
of the ENABLE input, which latches the address informa- 
tion into the on-ch[p registers. Data output is enabled 
when the WRITE (W) input is_high and the ENABLE, 
SELECT 1 (S1) and SELECT 2 (S2) inputs are LOW. 

When performing a read cycle a minimum ENABLE LOW 
time is required to assure valid data at the output. This 
minimum ENABLE LOW time is defined as the device 
enable access time. A minimum ENABLE HIGH time is 
required to return the columns to the HIGH state and to 


precharge the sense amplifiers in preparation of the next 
cycle. 

When performing a write cycle, the minimum ENABLE 
LOW time is required to enter new data. The write pulse is 
created by the coincident LOW of the WRITE, ENABLE 
and both SELECT inputs. The input data set-up and hold 
times are referenced to the rising edge of the WRITE, 
ENABLE, SELECT 1 or SELECT 2 inputs, whichever oc- 
curs first. 


Block Diagram 
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Operating Range 


Absolute Maximum Ratings 

Supply Voltage VCC 7V 

Voltage at Any Pin - 0.3V to VCC + 0.3V 

Storage Temperature Range - 65'C to + 150*C 

Package Dissipation 500 mW 

Lead Temperature (Soldering, 10 seconds) 300"C 


DC Electrical Characteristics over the operating range, unless otherwise noted 


_ , ^ _ 

Min 

Max 

Supply Voltage 



NMC6518B-9 

4.5V 

5.5V 

NMC6518B-2 

4.5V 

5.5V 

NMC6518-9 

4.5V 

5.5V 

NMC6518-2 

4.5V 

5.5V 

NMC6518-5 

4.75V 

5.25V 

Temperature 

NMC6518B-9 

-40"C 

85*0 

NMC6518B-2 

-55’C 

125*0 

NMC6518-9 

-40°C 

85*0 

NMC6518-2 

-55“C 

125*0 

NMC6518-5 

O'C 

75*0 


Symbol 

Parameter 

Conditions 

NMC6518-9, NMC6518-2 

NMC6518-5 

Units 




Min 

Max 

Min 

Max 


VCCDR 

Data Retention Supply 
Voltage 

VI = VCC,GND 

2.0 


2.0 


V 

ICCSB 

Standby Supply Current 



10 


100 

/^A 

ICCOP* 

Operating Supply 

f = 1 MHz, 10 = 0, 


4 


4 

mA 


Current 

VI=VCCorGND 






ICCDR 

Data Retention Supply 

VCC = 3.0V, 10 = 0, 


10 


100 



Current 

VI = VCCorGND 






II 

Input Leakage Current 

VI = VCC, GND 

-1.0 

+ 1.0 

-1.0 

+ 1.0 

„A 

VIL 

Input Low Voltage 


-0.3 

0.8 

-0.3 

0.8 

V 

VIH 

Input High Voltage 


VCC -2.0 

VCC + 0.3 

VCC -2 

VCC +0.3 

V 

lOZ 

Output Leakage Current 

VI = VCC,GND 

-1.0 

+ 1.0 

-1.0 

+ 1.0 

/iA 

VOL 

Output Low Voltage 

IOL = 3.2 mA 


0.4 


0.4 

V 

VOH 

Output High Voltage 

IOH= -0.4 mA 

2.4 


2.4 


V 

Cl 

Input Capacitance 

f = 1 MHz 


6 


6 

M 

CO 

Output Capacitance 

f = 1 MHz 


10 


10 


* ICCOP Is proportional to operating frequency. 

AC Test Conditions 

Input Rise and Fall Times; <20 ns 
All Timing Reference Levels: 1/2 VCC 
Output Load: 1 TTL Load, 50 pF 

NMC6518 Bit Map and Address Decoding 

I VCC I 
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Read Cycle AC Electrical Characteristics over the operating range 


Symbol 

Parameter 

NMC6518B-9 

NMC6518B-2 

NMC6518-9 

NMC6518-2 

NMC6518-5 

Units 



Min 

I Max 

Min 

Max . 

Min 

Max 



Address Set-up Time 

0 

■i 

0 


10 


ns 


Address Hold Time 

40 


50 


50 


ns 

TELQV 

Enable Access Time 




250 


300 

ns 

TAVQV 

Address Access Time 




250 


310 

ns 

TELEH 

Enable (E) Minimum Low Time 

180 


250 


300 


ns 

TELEL 

Read or Write Cycle Time 

280 


350 


450 


ns 

TEHEL 

Enable (E) Minimum High Time 

100 


100 


150 


ns 

TSHQX 

Chip Select Output Disable Time 


120 


160 


200 

ns 

TSLQX 

Chip Select Output Enable Time 


120 


160 


200 

ns 






















Write Cycle AC Electrical Characteristics over the operating range 


Symbol 

Parameter 

NMC6518B-9 

NMC6518B-2 

NMC6518-9 

NMC6518-2 

NMC6518-5 

Units 


Min 1 

Max 

Min 

Max 

Min 

Max 


TAVEL 

Address Set-up Time 

0 


0 


10 


ns 

TELAX 

Address Hold Time 

40 


50 


50 


ns 

TWLWH 

Write Pulse Width (W Low) 

100 


130 


160 


ns 

TELEL 

Read or Write Cycle Time 

280 


350 


450 


ns 

TWLSH 

Chip Select Write Pulse Set-up Time 

100 


130 


160 


ns 

TWLEH 

Chip Enable Write Pulse Set-up Time 

100 


130 


160 


ns 

TSLWH 

Chip Select Write Pulse Hold Time 

100 


130 


160 


ns 

TWHDX 

Data Hold Time 

0 


0 


0 


ns 

TDVWH 

Data Set-up Time 

80 


110 


130 


ns 

TEHEL 

Enable (E) Minimum High Time 

100 


100 


150 


ns 

TELEH 

Enable (E) Minimum Low Time 

180 


250 


300 


ns 

TELWH 

Write Pulse Width (E and W Low) 

100 


130 


160 


ns 


Write Cycle Waveforms 



* TWLWH, the write pulse, Is coincidence low of E, W, SI, and S2 inputs 
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CMOS RAMS 


Semiconductor 


NMC6551 1024-Bit (256 x 4) Static RAM 


General Description 


The NMC6551 is a static CMOS random access read/write 
memory organized as 256 words of 4 bits each. This device 
is fabricated with Nationai Semiconductor’s silicon-gate 
CMOS technology and is fully compatible with the TTL en- 
vironment. Synchronous operation is provided by on-chip 
address input and data output latches. The ENABLE input 
serves as the device strobe controlling the latching 
functions. The I/O terminals when not data output en- 
abled, represent high impedance ports for easy memory 
expansion. 


Features 

■ Industry standard pinout 

■ Low data retention voltage — 2V 

■ Low speed/power product 

■ TTL compatible — all inputs and outputs 

■ TRI-STATE® outputs for bus operation 

■ High output drive 

■ High noise immunity 

■ Military temperature range available 

■ On-chip address registers (latches) 

■ 22 pin — high density packaging 

■ Output data latches 

■ Select latch for microprocessor interface 


Connection Diagram 

Dual-tn-Llne Package 


Logic Symboi 



ill 

Pin Names 


ilsj 

A0-A7 

Address Inputs 

E 

Chip Enable 

ilo3 

W 

Write Enable 


D 

Data Input 

ilo3 

Q 

Data Output 

■iioz 

Si,S2 

Chip Selects 

-J1d2 



12 

— Q1 




AO 

DO 

A1 

QO 

A2 

D1 

A3 

Q1 

A4 

02 

AS 

02 

A6 

03 

A7 

03 

SI S2 W 

E 


Order Number NMC6551J-2, NMC6551J-9 
orNMC6551J-5 
See NS Package J22A 

Order Number NMC6551N-5 
See NS Package N22A 
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NMC6551 


Functional Description 

An NMC6551 memory cycle is initiated by the faliing edge 
of the ENA^E (E) input, which iatches the ADDRESS and 
SELECT 2 (S2) information into the on-chip registers. Set- 
up and hold tlme^must be met. Data output is enabled 
when the WRITE (W) input is HiGH and the ENABLE and 
SELECT 1 inputs are LOW. 

When performing a read cycie a minimum ENABLE LOW 
time is required to assure valid data at the outputs. This 
minimum LOW time is defined as the device enabie ac- 
cess time. A minimum ENABLE HiGH time is required to 


Block Diagram 


return the coiumns to the HIGH state and to precharge 
the sense amplifiers in preparation of the next memory 
cycie. 

When performing a write cycie, the minimum ENABLE 
LOW time is required to enter new data. The write puise 
timing is created by the coincident LOW of the WRITE, 
ENABLE and SELECT 1 inputs. The data set-up and hoid 
times are referenced to the rising edge of the WRITE, 
ENABLE, or SELECT 1 input, whichever occurs first. 



DQO 
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Absolute Maximum Ratings 


Operating Range 


Supply Voltage VCC 7V Supply Voltage 

Voltage at Any Pin - 0.3V to VCC + 0.3V NMC6551B-9 

Storage Temperature Range -65'Cto +150*C NMC6551B-2 

NMC6551-9 

Package Dissipation 500 mW NMC6551-2 

LeadTemperature(Solderlng, lOseconds) 300‘C NMC6551-5 

Temperature 

NMC6551B-9 

NMC6551B-2 

NMC6551-9 

NMC6551-2 

NMC6551-5 

DC Electrical Characteristics over the operating range, unless otherwise noted 


7V 

-0.3 V to VCC +0.3V 
-65*Cto +150*C 
500 mW 
300‘C 


Symbol 

Parameter 

Conditions 

NMC6551B-9, NMC6551B-2 
NMC6551-9, NMC6551-2 

NMC6551-5 

Units 




Min 

Max 

Min 

Max 


VCCDR 

Data Retention Supply 
Voltage 

VI = VCC,GND 

2.0 


2.0 


V 

ICCSB 

Standby Supply Current 



10 

1( + 25'C) 


100 

liA 

ICCOP* 

Operating Supply 
Current 

f = 1 MHz, 10 = 0, 
VI = VCCorGND 


4 


4 

mA 

ICCDR 

Data Retention Supply 
Current 

VCC = 3.0V, 10 = 0, 
VI = VCC orGND 


10 


100 

mA . 

II 

Input Leakage Current 

VI = VCC,GND 

-1.0 

+ 1.0 

-1.0 

+ 1.0 

/rA 

VIL 

Input Low Voltage 


-0.3 

0.8 

-0.3 

0.8 

V 

VIH 

Input High Voltage 


VCC -2.0 

VCC + 0.3 

VCC -2 

VCC +0.3 

V . 

lOZ 

Output Leakage Current 

VI = VCC,GND 

-1.0 

+ 1.0 

-1.0 

+ 1.0 

/xA 

VOL 

Output Low Voltage 

IOL = 3.2 mA 


0.4 


0.4 

V 

VOH 

Output High Voltage 

IOH= -0.4 mA 1 

2.4 


2.4 


V 

Cl 

Input Capacitance 

f=1MHz 


6 


6 

■S 

CO 

Output Capacitance 

f=1MHz 1 


10 


10 



‘ ICCOP is proportional to operating frequency. 

AC Test Conditions 

Input Rise and Fall Times: <20 ns 
All Timing Reference Levels; 1/2 VCC 
Output Load: 1 TTL Load, 50 pF 

NMC6551 Bit Map and Address Decoding 

I VCC I 


(USB) ROWS ILSB) 
A4 A3 A2 A1 AO 





\ 

0 

c 





SENSE AMPS 

SENSE AMPS 

COLUMN DECODER 

COLUMN DECODER 



COLUMN DECODER I COLUMN DECODER 


(MSB) A7 , ^ 

COLUMN A6 1 1 

(LSB) A5 ’ ” 
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Read Cycle AC Electrical Characteristics over the operating range 


Symbol 

Parameter 

NMC65S1B-9 

NMC6551B-2 

NMC6551-9 

NMC6551-2 

NMC6551-S 

Units 



Min 

Max I 

Min 

Max 

Min 

Max 


TAVEL 

Address Set-up Time 

0 


0 


10 


ns 

TELAX 

Address Hold Time 

40 


50 


70 


ns 

TELQV 

Enabie Access Time 


mm 


300 


350 

ns 

TAVQV 

Address Access Time 


■■ 


300 


360 

ns 

TELEH 

Enable (E) Minimum Low/ Time 

220 

n_ 

300 


350 


ns 

TELS2X 

Chip Select 2 Hold Time 

40 


50 


70 


ns 

TEHEL 

Enable (E) Minimum High Time 

100 


100 


150 


ns 

TELEL 

Read or Write Cycle Time 

320 

mm 

400 


500 


ns 

TS1LQX 

Chip Select 1 Output Enable Time 


IB 


150 


180 

ns 

TS1HQZ 

Chip Select 1 Output Disable Time 




150 


180 

ns 

TS2LEL 

Chip Select 2 Set-up Time 

0 

■1 

0 


10 


ns 


Read Cycle Waveforms 


TAVEL 




























Write Cycle AC Electrical Characteristics over the operating range 


Symbol 

Parameter 

NMC6551B-9 

NMC6551B-2 

NMC6551-9 

NMC6551-2 

NMC6551-5 

Units 



Min 

Max 

Min 

Max 

Min 

Max 


TAVEL 

Address Set-up Time 

0 


0 


10 


ns 

TELAX 

Address Hold Time 

40 


50 


70 


ns 

TWLWH 

Write Pulse Width (W Low) 

120 


180 


210 


ns 

TELEL 

Read or Write Cycle Time 

320 


400 


500 


ns 

TELEH . 

Enable (E) Minimum Low Time 

220 


300 


350 


ns 

TS2LEL 

Chip Select 2 Set-up Time 

0 


0 


10 


ns 

TWHDX 

Data Hold Time 

0 


0 


0 


ns 

TELS2X 

Chip Select 2 Hold Time 

40 


50 


70 


ns 

TDVWH 

Data Set-up Time 

100 


150 


170 


ns 

TELWH 

Write Pulse Width (E and W Low) 

120 


180 


210 


ns 

TEHEL 

Enable (E) Minimum High Time 

100 


100 


150 


ns 

TAA/LEH 

Write Pulse Width (E and W Low) 

120 


180 

1 

210 


ns 

TS1LWH 

Chip Select 1 Write Pulse Hold Time 

120 


180 


210 


ns 

TWLS1H 

Chip Select 1 Write Pulse Set-up Time 

120 


180 


210 


ns 

TS1LQX 

Output Enable from S1 


130 


150 


180 

ns 

TWLQZ 

Output Disable from W 


130 


150 


180 

ns 

TWHQX 

Output Enable from W 


130 


150 


180 

ns 

TEHQZ 

Output Disable from E 

i 

130 


150 


180 

ns 


Write Cycle Waveforms 
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NMC6551 


Read-Modify-Write Cycle AC Electrical Characteristics 

over the operating range 


Symbol 

Parameter 

NMC6551B-9 

NMC6551B-2 

NMC6551-9 

NMC6551-2 

NMC6551-5 

Units 



Min 

Max 

Min 

Max 

Min 

Max 


TAVEL 

Address Set-up Time 

0 


0 


10 


ns 

TELAX 

Address Hold Time 

40 


50 


70 


ns 

TELQV 

Enable Access Time 


220 


300 


350 

ns 

TAVQV 

Address Access Time 


220 


300 


360 

ns 

TWLEH 

Write Pulse Width (W and E Low) 

120 


180 


210 


ns 

TEHEL 

Enable (E) Minimum High Time 

100 


100 


150 


ns 

TWLWH 

Write Pulse Width (W Low) 

120 


180 


210 


ns 

TELEL 

Read or Write Cycle Time 

320 


400 


500 


ns 

TS1LQX 

Chip Select 1 Output Enable Time 


130 


150 


180 

ns 

TS1HQZ 

Chip Select 1 Output Disable Time 


130 


150 


180 

ns 

TS2LEL 

Chip Select 2 Set-up Time 

0 


0 


10 


ns 

TWHDX 

Data Hold Time 

0 


0 


0 


ns 

TELS2H 

Chip Select 2 Hold Time 

40 


50 


70 


ns 

TWLS1H 

Chip Select 1 Write Pulse Set-up Time 

120 


180 


210 


ns 

TWLQZ 

Output Disable from Write (W) 


130 


150 


180 

ns 

TDVWH 

Data Set-up Time 

100 


150 


170 


ns 

TQVWL 

Data Valid to Write Time 

0 


0 


0 


ns 

TWHEL 

W Read Mode Set-up Time 

0 


0 


0 


ns 

TWHQX 

Output Enable from Write (W) 


130 


150 


180 

ns 

Read-Modify-Write Cycle Waveforms 

— -j TELAX j- 
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CMOS RAMS 


Semiconductor 

NMC6552 1024-Bit (256 x 4) Static RAM 


General Description 


The NMC6552 is a static CMOS random access read/write 
memory organized as 256 words of 4 bits each. Thisdevice 
is fabricated with National Semiconductor’s silicon-gate 
CMOS technology and is fully compatible with the TTL en- 
vironment. Synchronous operation is provided by the on- 
chip address input and data output registers. The 
ENABLE input serves as the device strobe controlling the 
latching functions. The data I/O terminals, when not out- 
put data enabled, represent a high impedance for easy 
memory expansion. 


Features 

■ Low data retention voltage — 2V 

■ Low speed/power product 

■ TTL compatible — all inputs and outputs 

■ TRI-STATE® outputs for bus operation 

■ High output drive 

■ High noise immunity 

■ Military temperature range available 

■ On-chip address registers (latches) 

■ Common I/O — high density packaging 

■ Output data latches 

■ Select latch for microprocessor interface 


Connection Diagram 


Logic Symbol 


Dual-ln-Line Package 



Order Number NMC6552J-2, NMC6552J-9 
or NMC6552J-5 
See NS Package J18A 

Order Number NMC6552N-5 
See NS Package N18A 


Pin Names 

A0-A7 

E 

W 

DQ0-DQ3 


Address Inputs 
Chip Enable 
Write Enable 
Data In/Out 
Chip Selects 


AO 

OQO 

A1 


A2 

001 

A3 


A4 


AS 

002 

A6 


A7 

003 

SI S2 W 

E 
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NMC6552 


Functional Description 

An NMC6552 memory cycle is initiated by the falling edge 
of the ENA^E(E) input, which latches the ADDRESS and 
SELECT 2 (S2) information into the on-chip registers. The 
output data latches are transparent when the ENABLE 
input is LOW, allowing the state of the memory to be 
presented to the output buffers. The output buffers are 
enabled when the WRITE (W) input is HIGH, and the 
SELECT 1 (SI) input is LOW. 

When performing a read cycle, a minimum ENABLE LOW 
time is required to assure valid data at the device out- 
puts. This minimum LOW time is defined as the enable 
access time. A minimum ENABLE HIGH time is required 


to return the columns to the HIGH state and to precharge 
the sense amplifiers in preparation of the next cycle. The 
data is latched with the rising edge of the ENABLE input, 
allowing maintenance of output data until the SELECT 1 
input goes HIGH. 

When performing a write cycle, a minimum ENABLE 
LOW time is required for new data entry. The write pulse 
timing is defined by the coincident LOW of the WRITE, 
ENABLE and SELECT 1 inputs. The input data set-up and 
hold times are referenced to the rising edge of the 
WRITE, ENABLE, or SELECT 1 inputs, whichever occurs 
first. 


Block Diagram 



QD 

Q1 

02 

03 
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Absolute Maximum Ratings 

Supply Voltage VCC 7V 

Voltage at Any Pin - 0.3V to VCC + 0.3V 

Storage Temperature Range -65*Cto +150*C 

Package Dissipation 500 mW 

Lead Temperature (Soldering, 10 seconds) 300*C 


Operating Range 


Supply Voltage 
NMC6552B-9 
NMC6552B-2 
NMC6552-9 
NMC6552-2 
NMC6552-5 
Temperature 
NMC6552B-9 
NMC6552B-2 
NMC6552-9 
NMC6552-2 
NMC6552-5 


DC Electrical Characteristics over the operating range, unless otherwise noted 


NMC6552B-9, NMC6552B-2 
NMC6552-9, NMC6552-2 



Data Retention Supply 
Voltage 

Standby Supply Current 

Operating Supply 
Current 

Data Retention Supply 
Current 


VI = VCC,GND 


f = 1 MHz, 10 = 0, 
VI = VCC orGND 

VCC = 3.0V, 10 = 0, 
VI = VCC orGND 

VI = VCC, GND 


Input Leakage Current VI = VCC, GND 
Input Low Voltage 
Input High Voltage 

Output Leakage Current VI = VCC, GND 
Output Low Voltage IOL = 3.2 mA 
Output High Voltage lOH = - 0.4 mA 
Input Capacitance f = 1MHz 

Output Capacitance f = 1MHz 


• ICCOP is proportional to operating frequency. 

AC Test Conditions 

Input Rise and Fall Times: s20ns 
All Timing Reference Levels: 1/2 VCC 
Output Load: 1 TTL Load, 50 pF 

NMC6552 Bit Map and Address Decoding 


f = 1 MHz 



-8 COLUMNS i -| - 8 COLUMNS- 


-8 COLUMNS— H-i 8 COLUMNS- 


0 0 0 0 0 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 1 

0 0 t 0 0 

0 0 10 1 


11110 

11111 


COLUMN DECODER I COLUMN DECODER 


COLUMN DECODER I COLUMN DECODER 




NMC6552 























NMC6552 


Read Cycle AC Electrical Characteristics over the operating range 


Symbol 

Parameter 

NMC6552B-9 

NMC6552B-2 

NMC6552-9 

NMC6552-2 

NMC6552-5 

Units 



Min 

Max 

Min 

Max 

Min 

Max 


TAVEL 

Address Set-up Time 

0 


0 


10 


ns 

TELAX 

Address Hold Time 

40 


50 


70 


ns 

TELQV 

Enable Access Time 


220 


300 


350 

ns 

TAVQV 

Address Access Time 


220 


300 


360 

ns 

TELEH 

Enable (E) Minimum Low Time 

220 


300 


350 


ns 

TELS2X 

Chip Select 2 Hold Time 

40 


50 


70 


ns 

TEHEL 

Enable (E) Minimum High Time 

100 


100 


150 


ns 

TELEL 

Read or Write Cycle Time 

320 


400 


500 


ns 

TS1LQX 

Chip Select 1 Output Enable Time 


130 


150 


180 

ns 

TS1HQZ 

Chip Select 1 Output Disable Time 


130 


150 


180 

ns 

TS2LEL 

Chip Select 2 Set-up Time 

0 


0 


10 


ns 


Read Cycie Waveforms 
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Write Cycle AC Electrical Characteristics 


over the operating range 




Address Set-up Time 
Address Hold Time 
Chip Select 2 Set-up Time 
Data Hold Time 
Enable (E) Minimum Low Time 
Write Pulse Width (W Low) 

Read or Write Cycle Time 
Enable (E) Minimum High Time 100 

Data Set-up Time 100 

Write Pulse Width (E and W Low) 120 

Write Pulse Width (W and E Low) 120 

Chip Select 2 Hold Time 40 

Chip Select 1 Write Pulse Set-up Time 120 
Chip Select 1 Write Pulse Hold Time 120 



Write Cycle Waveforms 
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NMC6552 


Read-Modify-Write Cycle AC Electrical Characteristics 

over the operating range ^ 


Symbol 

Parameter 

NMC6SS2B-9 

NMC65S2B-2 

NMC6552-9 

NMC6552-2 

NMC6552-5 

Units 



Min 

1 Max 

Min 

Max 

Min 

Max 


TAVEL 

Address Set-up Time 

0 


0 


10 


ns 

TELAX 

Address Hold Time 

40 

■■ 

50 


70 


ns 

TELQV 

Enable Access Time 




300 


350 

ns 

TAVQV 

Address Access Time 




300 


360 

ns 

TS2LEL 

Chip Select 2 Set-up Time 

0 


0 


10 


ns 

TWHDX 

Data Hold Time 

0 


0 


0 


ns 

TELS2X 

Chip Select 2 Hold Time 

40 


50 


70 


ns 

TWLS1H 

Chip Select 1 Write Pulse Set-up Time 

120 


180 


210 


ns 

TS1LQX 

Chip Select 1 Output Enable Time 


130 


150 


180 

ns 

TDVWH 

Data Set-up Time 

100 


150 


170 


ns 

TWLEH 

Write Pulse Width (W and E Low) 

120 


180 


210 


ns 

TQVWL 

Data Valid to Write Time 

0 


0 


0 


ns 

TWLWH 

Write Pulse Width (W Low) 

120 


180 


210 


ns 

TEHEL 

Enable (E) Minimum High Time 

100 


100 


150 


ns 

TQVWL 

Data Valid to Write Time 

0 


0 


0 


ns 

TWHQX 

Output Enable from Write (W) 


130 


150 


180 

ns 

TWLQZ 

Output Disable from Write (W) 


130 


150 


180 

ns 

Read-Modify-Write Cycle Waveforms 








— TELAX I— 
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Section 3 


Bipolar RAMs 


Bipolar RAMs offer the best solution to problems 
requiring high speed read-write memory. National’s 
product line includes the devices in this section to 
complement our bipolar microprocessor and logic 
lines. 










National 

Semiconductor 


DM7589/DM8589 64-Bit (16 

General Description 

The DM7589/DM8589 is a fully decoded 64-bit 
RAM organized as 16 4-bit words. The memory is 
addressed by applying a binary number to the four 
Address inputs. After addressing, information may 
be either written into or read from the memory. 

To write, both the Memory Enable and the Write 
Enable inputs must be in the logical "0" state. 
Information applied to the four Write inputs will 
then be written into the addressed location. To 
read information from the memory the Memory 
Enable input must be in the logical "0" state and 
the Write Enable input in the logical "1" state. 
Information will be read as the complement of 
what was written into the memory. When the 


Block Diagram 


Bipolar RAMs 


X 4) RAM 


Memory Enable input is in the logical "1" state, 
the outputs will go to the logical "1" state. 

Features 

■ Series 54/74 compatible 

■ Organized as 16 4-bit words 

■ Typical access from chip enable 23 ns 

■ Typical access 35 ns 

■ Typical power dissipation 400 mW 

■ Open collector outputs to permit "wire OR" 
capability 


S3 
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Connection Diagram 


Truth Table 


Dual-In-Line Package 



Order Number DM7589J 
or OM8589J 
See NS Package J16A 

Order Number DM8589N 
See NS Package N16A 


MEMORY 

ENABLE 

WRITE 

ENABLE 

OPERATION 

OUTPUTS 

0 

0 

Write 

Logical "1" State 

0 

1 

Read 

Complement of Data 
Stored in Memory 

1 

X 

, Hold 

Logical “1" State 


DM7589/DM8589 






Absolute Maximum Ratings (Noten 

Operating Conditions 


Supply Voltage 

7V 

Operating Temperature Range 

-55°C to +125°C 

Input Voltage 

5.5V 

DM7589 

Output Voltage 

5.5V 

DM8589 

0°C to +70°C 

Storage Temperature Range 

-65°Cto+150“C 




Lead Temperature (Soldering, 10 sec) 300°C 


Electrical Characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical "1" Input Voltage 

DM7589 

Vcc = 4.5V 


2.0 




DM85S9 

Vcc = 4.75V 





Logical "0" Input Voltage 

DM7589 

Vcc = 4.5V 




0.8 


DM8589 

Vcc = 4.75V 





Logical "1" Output Current 

DM7589 





100 

pA 

DM8589 




20 

pA 

Logical "0" Output Voltage 

DM7589 

Vcc = 4.5V 

lo= 12 mA 



0.4 


DM8589 

Vcc = 4.75V 




Logical "1" Input Current 

DM7589 





40 

pA 

DM8589 





DM7589 






mA 


DM8589 





Logical "0" Input Current 

DM7589 

Vcc = 5.5V 


■jjjH 


-1.6 

mA 

DM8589 

Vcc = 5.25V 




Supply Current 

DM7589 




80 

120 

mA 

DM8589 



Input Clamp Voltage 

DM7589 


IH 



-1.5 


DM8589 






Switching Characteristics (Over recommended operating ranges of V^c and 





/ 

CONDITIONS 

DM7589 

DM8589 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

tpLH 





34 

80 


34 

60 

ns 

tPHL 

Access 1 tme hrom Moaress 



35 

80 


35 

60 

ns 

tpLH 

Disable Time From Memory Enable 



23 

55 


23 

40 

. ns 

tPHL 

Enable Time From Memory Enable 



23 

55 


23 

40 

ns 

tSETUP 


Address to Write 
Enable 


0 

-14 


0 

-14 


ns 



Data to Write Enable 

Rli = 300n 
Ri_2 “ 600L2 
Cl =30pF 

0 

-15 


mn 

-15 


ns 



Memory Enable To 
Write Enable 

0 

-10 


0 

-10 


ns 

'hold 

Hold Time 

Address From Write 
Enable 

5 

-7 


5 

-7 


ns 



Data From Write 
Enable 


0 

-14 


0 

-14 


ns 



Memory Enable 
From Write Enable | 


0 

-10 


0 

-10 


ns 

tWP 

Write Pulse Width 


50 

20 


40 

20 


ns 

tSR 

Sense Recovery Time 



31 

65 


31 

55 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot 
be guaranteed. Except for "Operating Temperature Range" they are not meant to imply that the 
devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions 
for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature 
range for the DM7589 and across the 0°C to 70°C range for the DM8589. All typicals are given for 
Vcc = 5.0V and T/x = 25°C. 









































































































Typical Performance Characteristics 


Delay from Address to Output 

I Vcc = 5iv 1 1 I I 1 I 


-75 -SO -25 0 25 50 75 tOO 125 

TEMPERATURE (“0 


Delay from Memory Enable 
to Output 











































-75 -50 -25 0 25 SO 75 100 125 

TEMPERATURE (°C) 


Sense Recovery Time 
I Vcc-S.OV I I 


Minimum Write Pulse Width 

I vcc = s'.ov I I I I r 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (“0 


AC Test Circuit and Switching Time Waveforms 



*0utput shown fof stored riala in 
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DM7589/DM8589 





DM7599/DM8599 



Connection Diagram 

Dual-ln-Line Package 



Truth Table 


Order Number DM7599J 
or DM8599J 
See NS Package J16A 
Order Number DM8599N 
See NS Package N16A 


MEMORY 

ENABLE 

WRITE 

ENABLE 

OPERATION 

OUTPUTS 

0 

0 

Write 

Hi-Z State 

0 

1 

Read 

Compiement of Data 
Stored in Memory 

t 

X 

Hold 

HiZ State 





Absolute Maximum Ratings (Note d Operating Conditions 


Supply Voltage 7V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Time that two bus-connected devices may be in 

opposite low impedance states simultaneously Indefinite 

Storage Temperature Range ~65'^C to +150*C 

Lead Temperature (Soldering. 10 sec) 300“C 

Electrical Characteristics (Note 2) 


Operating Temperature Range 
DM7599 
DM8599 


PARAMETER 


DM7599 


DM8599 

Logical "O" Input Voltage 

DM7599 

DM8599 

r .w„. 

DM7599 


DM8599 

Logical "0“ Output Voltage 

DM7599 

DM8599 

Third State Output Current 

DM 7599 
DM8599 

■vin, ,r 

DM7599 

ug C HU cl 

DM8599 


DM7599 


DM8599 

Logical "0" Input Current 

DM7599 

DM8599 

Output Short Circuit Current 

DM7599 

(Note 3) 

DM8599 


DM7599 

juppi/ Cuiiehl 

DM8599 

Input Clamp Voltage 

DM7599 

DM3599 



Switching Characteristics (Over recommended operating ranges of Vcc and T^) 



I Enable Time From Memory 
Enable 


*2h I Sense Recovery Time From Write 
Enable 


Disable Time From Memory Enable 


tsETUP Setup Time Address to Write 

Enable 

Data to Write 
Enable 

Memory Enable to 
Write Enable 


Address From Write 
Enable 


Data From Write 
Enable 


Memory Enable From 
Write Enable 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot 
be guaranteed. Except for "Operating Temperature Range" they are not meant to imply that the 
devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions 
for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55®C to +125°C temperature 
range for the DM7599 and across the 0®C to 70®C range for the OM8599. All typicals are given 
for Vcc = 5.0V and Ta = 25^C. 

Note 3; Only one output at a time should be shorted. 





0 

-14 

0 

-10 

50 

20 


0 -10 


40 20 


DM7599/DM8599 
















































































































DM7599/DM8599 


Typical Performance Characteristics 


Delay from Address to Output 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 


Delay From Memory Enable To 
High Impedance State 


-75 -60 -25 0 25 60 75 100 125 

TEMPERATURE ( C) 


Delay from Memory Enable to 
Low Impedance State 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (”C) 


Minimum Write Pulse Width 



-75 -50 -25 0 25 60 75 100 125 

TEMPERATURE l"C) 


Sense Recovery Time 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (“0 


Delay from Enable to Output 
vs Load Capacitance 


5 10 50 100 500 


Test Circuit 



Note: In a typical application the output of the TRI- 
STATE memories might be wired together and one 
would be switching to the low impedance state at the 
same time the circuit previously selected would be 
switching back into the high impedance state. The 
measurements of delay versus load capacitance were 
made under conditions which simulate actual operating 
conditions in an application. (See test circuit.) 


Test Circuit for Delay vs Load Capacitance 
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AC Test Circuit 


Vcc 



Cl includes probe and jig capacitance. 
Ail diodes are1N3064. 


Switching Time Waveforms 





Note A: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the output with 
internal conditions such that the output is high except when disabled. 

Note 6: When measuring delay times from address inputs, the memory enable input is low and the write enable input is high. 

Note C: When measuring delay times from memory enable input, the address inputs are steady-state and the write enable input is high. 

Note 0. Input waveforms are supplied by pulse generators having the following characteristics: t, < 10 ns, tf < 10 ns, PRR < 1.0 MHz, and Zqut ^ 
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DM7599/DM8599 












National 

Semiconductor 


Bipolar RAMs 


DM85S68 16 X 4 Edge Triggered Registers 


General Description 


These Schottky memories are addressable “D" register 
files. Any of its 16 four-bit words may be asynchronously 
read or may be written into on the next clock transition. 
An input terminal is provided to enable or disable the syn- 
chronous writing of the input data into the location 
specified by the address terminals. An output disable ter- 
minal operates only as a TRI-STATE‘S output control ter- 
minal. The addressable register data may be latched at 
the outputs and retained as long as the output store ter- 
minal is held in a low state. This memory storage condi- 
tion is independent of the state of the output disable ter- 
minal. 

All input terminals are high impedance at all times, and 
all outputs have low impedance active drive logic states 
and the high impedance TRI-STATE condition. 


Features 

■ On-chip output register 

■ PNP inputs reduce input loading 

■ Edge triggered write 

■ High speed— 30 ns typ 

■ All parameters guaranteed over temperature 

■ TRI-STATE output 

■ Schottky-clamped for high speed 

■ Optimized for register stack applications 

■ Typical power dissipation— 350 mW 
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DM85S68 







Absolute Maximum Ratings 

Supply Voltage - 0.5V to + 7V 

Input Voltage - 1.2V to + 5.5V 

Output Voltage ’ - 0.5V to + 5.5V 

Storage Temperature - 65°C to + 150”C 

Lead Temperature (Soldering, 10 seconds) 300”C 


Operating Conditions 

Supply Voltage (Vcc) 

Ambient Temperature (T/\) 

Logical "0" Input Voltage (Low) 

Logical "I" Input Voltage (High) 


DC Electrical Characteristics (Note 2) 


Parameter 


'iH High Level Input Voltage 


V||_ Low Level Input Voltage 


'oh High Level Output Voltage 


Vql Low Level Output Voltage 


IH High Level Input Current 


I| High Level Input Current 
at Maximum Voltage 


IL Low Level Input Current 


os Short Circuit Output Current 


cc Supply Current 


ic Input Clamp Voltage 


oz TRI-STATE Output Current 


Vcc = Min, Iqh = - 5.2 mA 


Vcc = Min, Iol~^5 


Vcc = Max, Clock Input 
V|h = 2.4V All Others 


Vcc = Max, V|h = 5.5V 



Vcc = Max, Clock Input 
V|l = 0.5V All Others 


Vcc ~ Max, Vql — OV 
(Note 3) 


Vcc = Max 


Vcc = Min, l|H = - 18 mA 


AC Electrical Characteristics (with standard load) sv ± 5%. o-c to + 70 °c 


Parameter 

X 2 H Output Enable to High Level 

tzL Output Enable to Low Level 

tnz Output Disable Time from High Level 

tLz Output Disable Time from Low Level 

t^A Access Time 

Address to Output 

^OSA 

Output Store to Output 

tCA 

Clock to Output 

*ASC Set-Up Time 

Address to Clock 

*osc 

Data to Clock 

Iasos 

Address to Output Store 

IwESC 

Write Enable Set-Up Time 

Iqssc 

Store Before Write (t,o) 

Iahc Hold Time 

Address from Clock 

I0HC 

Data from Clock 

Uhos 

Address from Output Store 

*WEHC 

Write Enable Hold Time 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at 
these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5V and T/^s25*C. 

Note 3: During I 3 Q measurement, only one output at a time should be grounded. Perrnanent damage may otherwise result. 
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National 

Semiconductor 


Bipolar RAMs 


IDM29705/IDM29705A 16-Word by 4-Bit Two-Port 
RAM/Register File 


General Description 


The IDM29705 and IDM29705A are 16-word by 4-bit 
RAM/Register File chips housed in a standard 28-pin 
dual-in-line package. The iDM29705 and the 
iDM29705A feature TRI-STATE® outputs. These 
RAMs, which are fabricated using SCL® (Schottky 
ECL Technoiogy) feature two separate output ports 
that enabie any two 4-bit words to be read form these 
outputs simuitaneously. Each output port contains a 
four-bit latch. A common Latch Enable (LE) input is 
used to control all eight latches. The device, which 
has two Write Enable (WE) inputs, is designed so that 
either Write Enabie (WE, 2 ) and Latch Enable (LE) 
inputs can be wired together to make the operation 
of the RAM appear edge-triggered. 

The device, which has fuliy decoded A-address and 
B-address fields, can address any of the 16 memory 
words for the A-output port and, simultaneously, 
select any of the 16 words for presentation at the 
B-output port. Incoming data is written into the four- 
bit RAM word selected by the B-address. The D 
inputs are used to load the new data into the device. 

Several of these devices can be cascaded to increase 
the to tal nu mber of memory words in the system. 
When OE-A is high, the A -output port is in the high- 
impedance mode. OE-B, when high, forces the 
B-output port to the high-impedance state. 


The writing of new data into the RAM is controlled by 
the Write Enable Inputs. With both Write Enable 
inputs low, data is written into the word selected by 
the B-address field. The memory outputs follow the 
data inputs during writing if the Latch Enable (LE) is 
high. With either Write Enable high, no data is written 
into the RAM. 


Features and Benefits 

■ 16-Word by 4-Bit, 2-Port RAM/Register Files 

■ Two Output Ports, Each with Separate Output 
Control 

■ 4-Bit Latches on Each Output Port 

■ Non-Inverted Data Output with Respect to Data 
Input 

■ Output Enable and Write Enable Inputs Provide 
Ease in Cascading 

■ SCL Technology (Schottky ECL) Provides ECL 
Speeds While Keeping Low Power Schottky Input/ 
Output Voltage and Power Consumption 
Compatibility 

■ 100% Reliability Testing in Compliance with 
MIL-STD-883 


IDM29705/29705A Block Diagram 


DO 01 02 03 
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IDM29705/IDM29705A 







IDM29705/IDM29705A 


Absolute Maximum Ratings 

storage Temperature -65°Cto +150°C 

Temperature (Ambient) Under Bias -55°Cto +125°C 

Supply Voltage to Ground Potentiai -0.5V to +6.3V 

DC Voltage Applied to Outputs for 
High Output State -0.5Vto +Vccmax 

DC Input Voltage - 0.5V to + 5.5V 

DC Output Current, into Outputs 30mA 

DC Input Current - 30mA to + 5.0mA 


Operating Range 


IDM29705JC 
IDM29705JM, JM/883 
IDM29705AJC, NC 


Ambient 

Temperature 

OX to +70X 
-55X to +125X 
OX to +70X 


4.75V to 5.25V 
4.50V to 5.50V 
4.75V to 5.25V 


IDM29705AJM, JM/883 -55Xto+125X 4.50V to 5.50V 


Standard Screening (conforms to mil-std-sso for ciass c parts) 


Step 

Method 

Conditions 

DC, PC 

Pre-Seal Visual Inspection 

2010 

B 

100% 

Stabilization Bake 

1008 

C: 24-hour 150"C 

100% 

Temperature Cycle 

1010 

C: -65°Cto +150'’C 
10 cycles 

100% 

Centrifuge 

2001 

B: 10,000 G 

100% 

Fine Leak 

1014 

A: 5x10“ ® atm-cc/cm^ 

100% 

Gross Leak 

1014 

C2: Fluorocarbon 

100% 

Electrical Test . 

5004 

See below for 

100% 

Subgroups 1 and 7 and 9 

definitions of subgroups 

Insert Additional Screening Here for Class B Parts 

Group A Sample Tests 




Subgroup 1 



LTPD =5 

Subgroup 2 



LTPD =7 

Subgroup 3 

5005 

See below for 

LTPD =7 

Subgroup 7 

definitions of subgroups 

LTPD =7 

Subgroup 8 



LTPD =7 

Subgroup 9 



LTPD =7 


DM, FM 


100% 


100% 



Additionai Screening for Ciass B Parts 


Step 

MIL-STD-883 

Method 

Burn-In 

1015 

Electricll Te^t 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 
Subgroup 9 

5004 


Conditions 


D: 125 "C, 160 hours min 


Return to Group A Tests In Standard Screening 



Group A Subgroups 

(as dedned in MIL-STD-883, method 5005) 
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Electrical Characteristics (over operating temperature range, unless otherwise noted) 


VoH Output HIGH Voltage 
(IDM29705 only) 


Vql Output LOW Voltage 


Input HIGH Level 


Input LOW Level 


Input Clamp Voltage 


Input LOW Current 


Input HIGH Current 


Input HIGH Current 


Off State (High Impedance) 
Output Current 

Output Short Circuit Current 
(Note 3) 


Power Supply Current 


Vcc = min 
V|N = V|H or V|L 


Vcc = min 
V|N = V|H or V|L 


Test Conditions (Note 1) 


Mil, Iqh = -2.0mA 


Com’l, loH = -4.0mA 


Iql = 4.0 mA 


OL = 8.0 mA 


OL = 12mA 


Com’l, Iql = 16mA 


Guaranteed input logical HIGH voltage for all 
Inputs 


Guaranteed input logical LOW voltage for all 
inputs 


Vcc = min, l|N = -18mA 


Vcc = max, V|N = 0.4V Aj, B, 

Others 

Vcc " max, V|N = 2.7V 

Vcc - max, V|n - 5.5V 

Vcc = max Vp = 2.7V 

ViN ^ ViHOrViL Vq = 0.4V 

Vcc = max 

Vcc = max 

IaJcIVcc = 5.25V, T = 70“C 


Typ 

Min (Note 2) Max Units 


AJM Vcc = 5.5V, T = 125“C 


Note 1: For conditions shown as min or max, use the appropriate value specified under Eiectrical Characteristics for the applicable 
device type. 

Note 2: Typicai iimits are at Vqc = 5.0V, 25 °C ambient and maximum loading. 

Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test shouid not exceed one second. 



Switching Characteristics (Input Levels = OV and 3.0V, Transitions measured at 1.5V) 
Combinational Delays (In nanoseconds) (Rl = 430S2, Cl = 50pF) 


Parameters 


Access Time 



Turn-On Time 


Turn-Off Time 


Reset Time 


Enable Time 


From 


A Address Stable YA Stable 


B Address Stable YB Stable 


Both WE LOW 


OE-AorOE-BLOW 


OE-A or OE-B HIGH YA or YB Off 


A-LO LOW 


LE HIGH 



Conditions 


LE=HIGH 


LE = HIGH, A=B 


LE = HIGH 


YA LOW 


YA and YB Stable 



LE = HIGH, WE 
both LOW, A = B 


Comm’l 

Mil 

Max 
(Note 5) 

Max 
(Note 6) 

705 

705A 

705 

705A 

50 

25 

55 

30 

50 

25 

55 

30 

45 

35 

48 

40 

45 

35 

48 

40 

25 

20 

25 

20 

20 

20 

20 

20 

30 

20 

30 

25 

25 

20 

25 

25 

45 

35 

45 

40 
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Switching Characteristics (continued) 

Minimum Setup and Hold Times (in nanoseconds) 


Parameters 

From 

To 

Conditions 

Typ 

Comm’l 

Mil 

Max 
(Note 5) 

Max 
(Note 6) 

(Note 4) 

705 

705A 

705 

705A 

Data Setup Time 

D Stable 

Either WE HIGH 


7 

20 

12 

25 

15 

Data Hold Time 

Either WE HIGH 

D Changing 


0 

0 

0 

0 

0 

Address Setup Time 

B Stable 

Both WE LOW 


0 

5 

0 

5 

3 

Address Hold Time 

Either WE HIGH 

B Changing 


0 

0 

0 

0 

0 

Latch Close 
Before Write Begins 

LE LOW 

WE, LOW 

WE 2 LOW 

0 

0 

0 

0 

0 

LE LOW 

WEj LOW 

WE, LOW 

0 

0 

0 

0 

0 

Address Setup 
Before Latch Closes 

A or B Stable 

LE LOW 


8 

30 

15 

40 

20 


Minimum Puise Widths (in nanoseconds) 


Parameters 

From 

To 

Conditions 

Typ 

Comm’l 

Mil 

Max 
(Note 5) 

Max 
(Note 6) 

(Note 4) 

705 

705A 

705 

705A 

Write Pulse Width 

WE, 

HIGH-LOW-HIGH 

WEj LOW 

8 

25 

20 

25 

20 

WE 2 

HIGH-LOW-HIGH 

WE, LOW 

8 

20 

20 

20 

20 

A Latch Reset Pulse 

A-LO 

HIGH-LOW-HIGH 


5 

20 

15 

20 

15 

Latch Data Capture 

LE 

LOW-HIGH-LOW 

Address Stable 

5 

20 

15 

20 

15 


Note 4: Ta = 25 ”C, Vcc = 5.0V. 

Notes: Ta = O'Cto +70"C, Vcc = 5.0V + 5%. 
Notes: Ta = -55*0 to +125*C, Vcc = 5.0V ± 10%. 


Function Tabies 


Write Controi 


WEi 

WE2 

Function 

RAM Outputs at Latch Inputs 

APort 

B-Port 

L 

L 

Write D into B 

A data (A # B) 

D input data 

X 

H 

No write 

A data 

B data 

H 

X 

No write 

A data 

B data 


YA Read 


Inputs 

YA Output 

Function 

OE-A 

A-LO 

LE 

H 

X 

X 

Z 

High impedance 

L 

L 

X 

L 

Force YA LOW 

L 

H 

H 

A-Port RAM data 

Latches transparent 

L 

H 

L 

NC 

Latches retain data 
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Function Tables (continued) 


YB Read 


Inputs 


OEB LE 



YB Output 


Z 

B-Port RAM data 
NC 


High impedance 
Latches transparent 
Latches retain data 


H = HIGH 
L = LOW 
X = Don’t care 


Z = High Impedance 
NC = No change 


Pinout Descriptions of the 
IDM29705/29705A 

D 3 - Dq: Through these inputs new data can be written 
in the location specified by the B-address inputs. 

A 3 -A 0 : The 4-bit address presented at the A inputs 
selects one of the 16 memory words for presentation 
at the A-data latch outputs. 

B 3 -B 0 : The 4-bit address presented at the B inputs 
selects one of the 16 memory words for presentation 
at the B-data latch outputs. This address also selects 
the location into which data is written. 

YA 3 -YA 0 : The four A-data latch outputs. 

YB 3 -YB 0 : The four B-data latch outputs. 

WEi, WE 2 : Write enable inputs. When both are low, 
enables data to be written into the RAM location 
selected by the B-address field. When either Write 
Enable input is high, no data can be written into 
memory. 

OE-A: A-port output enable. When low, data in the 
A-data latch is present at the YA| outputs. When high, 
the YA| outputs are in the high-impedance mode. 


OE-B: B-port output enable. When low, data in the 
B-data iatch is presented at the YB| outputs. When 
high, the YB-, outputs are in the high-impedance 
mode. 


LE: Latch enable. The LE input acts as control for 
both the RAM-A and RAM-B output ports. When high 
the latches are transparent and data from the RAM, 
as selected by the A and B address inputs, is 
presented at the outputs. When low, the latches 
retain the last data read from the RAM regardless of 
the current A and B address inputs. 


A-LO: Force A to zero. This input operates to force 
the A-port latch outputs low independent of the LE 
input or A address inputs. The A-output bus c an be 
forced low using this control input. With A-LO high, 
the A latches operate in their normai manner. Once 
forc ed lo w, the A latches remain low independent of 
the A-LO input if the Latch Enable (LE) is low. 


IDM29705/29705A Connections Diagram 


1 


28 

2 


27 

3 


26 

4 


25 

5 


24 

6 


23 

7 

1 DM29705/ 

22 

8 

29705A 

21 

9 


20 

10 


19 

11 


18 

12 


17 

13 


16 

14 


15 


Order Number IDM29705JC, 
IDM29705JM, IDM29705JM/883, 
IDM29705AJC, IDM29705AJM, 
or IDM29705JM/883 
See NS Package J28A 

Order Number IDM29705NC 
See NS Package N28A 
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National 
Semiconductor 

DM10414, DM10414A 256 x 1 

General Description 

The DIVl 10414, DM 104 14 A is a 256-word by 1-bit 
ECL random access memory. The fully static memory is 
designed with active low chip selects and separate I/O 
pins. The 8 address bits (AO through A7) are fully 
decoded on the chip. Applications such as scratch pad, 
cache, and buffer memories are ideal for this high speed 
RAM. 

An unterminated emitter-follower output is provided 
to allow the outputs to be wire-ORed. Separate Data 
In and non-inverted Data Out pins are provided. These 
RAMs are compatible with compensated and uncom- 
pensated 10k ECL families. 


Bipolar RAMs 


ECL Random Access Memory 

Features 

■ Fully compatible with standard and voltage compen- 
sated 10k series ECL 

■ Temperature range 0°C to -t-75°C 


■ Unterminated emitter-follower output for wire-ORing 

■ Power dissipation decreases with increasing tem- 
perature 


■ Typical address access 

DM10414 

10 ns 

DM10414A 

7 ns 

■ Typical chip selecf access 

DM10414 

4 ns 

DM10414A 

3 ns 



Block and Connection Diagrams 


A'-H ADDRESS I , I WORD 

A2-iJ DECDDER ' DRIVER 



Dual-ln-Line Package 



TDPVIEW 

Order Number DM10414J 
or DM10414AJ 
See NS Package J16A 



Logic Symbol 


Truth Table 


Pin Names 


cs 

WE 

D|N 

Dour 

MODE 

A0-A7 

Address Inputs 

H 

X 

X 

L 

Not Selected 

D|N 

Data Input 

L 

L 

H 

L 

Write 1 

DOUT 

Data Output 

L 

L 

L 

L 

Write 0 

CS1,CS2, CS3 

Chip Select Inputs 

L 

H 

X 

dout 

Read 


L = low (-1.7V nominal) 
H = high (-0.9V nominal) 
X = don't care 


DM10414, DM10414A 











Absolute Maximum Ratings 

Operating Conditions 






MIN 

MAX 

UNITS 

Temperature Under Bias (Ambient) 
Storage Temperature Range 
Vee Relative to V(j(j 
Any Input Relative to Vq(j 
O utput Current (Output High) 

Lead Temperature (Soldering, 10 seconds) 

-55°C to -H25°C 
-65°C to-H50°C 
-7.0V to +0.5V 
Vee +0.5V 
-30 mA to +0.1 mA 
300° C 

Supply Voltage (Vee) 
Ambient Temperature (Ta) 

-5.72 

0 

-4.68 

+75 

> o 


DC Electrical Characteristics 

Vgg = — 5.2V ±10%, Output Load = 50J2 and 30 pF to —2.0V, = 0“C to +75°C (Notes 1—4) 


SYMBOL 

PARAMETER 

CONDITIONS 

Ta 

B 

LIMIT 

A 

LIMIT 

UNITS 

VOH 

Output Voltage High 

V|N = V|HAorV|LB 

o°c 

-1000 

1 

-840 

mV 




+25° C 


-810 





+75°C 


-720 


VOL 

Output Voltage Low 

V|N = ViHAorViLB 

0°C 

-1870 

-1665 

mV 




+25°C 

-1850 

-1650 





+75°C 

-1830 

-1625 


VOHC 

Output Voltage High 

V|N = V|HB°rV|LA 
Performed on one input 

0°C 

-1020 


mV 



at a time 

+25°C 

-980 






+75°C 

-920 



VOLC 

Output Voltage Low 

V|N = Vihb or Vila 

Performed on one input 

0°C 



mV 



at a time 

+25°C 







+75°C 


-1605 


V|H 

Input Voltage High 

Guaranteed Input Voltage High 
for All Inputs 

0°C 

-1145 

-840 

mV 




+25°C 

-1105 

-810 





+75°C 

-1045 

-720 


VlL 

Input Voltage Low 

Guaranteed Input Voltage Low 
for All Inputs 

0°C 

m 

II 

mV 




+25° C 







+75°C 

Bm 

BeSH 



Input Current High 

V|N = V|HA 
Performed on one input 

0°C 






at a time 

to 


220 

jrA 




+75°C 




l|L 

Input Current Low, CS 

V|N = V|LB 
Performed on one input 

+25°C 

0.5 

170 

AiA 


All Others 

at a time 

+25°C 

-50 

1 


Iee 

Power Supply Current 
(Pin 8) (Note 5) 

All Inputs and Outputs Open 

o°c 

-150 


mA 


Note 1 : Conditions for testing not shown in the tables are chosen to guarantee operation under "worst case” conditions. 

Note 2: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 
extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 3: Guaranteed with transverse air flow exceeding 400 linear F.P.M. and 2-minute warm-up period. Typical resistance values of the package 
are: Oja, (Junction to Ambient) = 90°C/W (still air); Oja (Junction to Ambient) = 50°C/W (at 400 F.P.M. air flow); Oja (Junction to Case) = 
25°C/W. 

Note 4: "A" indicates the most positive value, "B" indicates the most negative value. 

Note 5: Typical values at Vee = -5.2V: Ta = 0°C, IeE ^ -105 mA; Ta = 75°C, Iee = “90 mA. 





































































Functional Description 

Addressing the DM10414, DM10414A is achieved by 
means of the 8 address lines AO— A7. Each of the 2^ 
one-zero combinations of the address lines corresponds 
to a bit location in the memory. The active low Chip 
Selects together with the unterminated emitter-follower 
output allows for wire-ORing. A 50fl resistor to — 2V 
(or an equivalent network) is required to provide a low 
at the output when the device is off. This termination 
is required for both single device or wire-ORed operation. 


Th e device is selected with CS low and deselected with 
CS high. The operating mode is controlled by the active 
low Write Enable (WE). WE low causes the data at the 
Data Input (D||\|) to be stored at the selected address. 
WE low also causes the output to be disabled (low due 
to the 50f2 pull-down resistor). WE high causes the data 
stored at the selected address to be present at the Data 

Out (Dqut) Piri- 


AC Electrical Characteristics 

Vee = -5.2V ±10%, Output Load = 50r2, 30 pF to -2.0V, T^= 0°C to 75°C 


SYMBOL 

PARAMETER 

CONDITIONS 

READ MODE 

tACS 

Chip Select Access 
Time 

Measured Between 

tRCS 

Chip Select Recovery 

50% Points 

Time 

(Note 7) 

tAA 

Address Access Time 


WRITE MODE 

tw 

Write Pulse Width 
(to Guarantee 
Writing) 


tWSD 

Data Set-Up Time 
Prior to Write 


tWHD 

Data Hold Time 

Measured Between 


After Write 

50% Points 

'WSA 

Address Set-Up Time 
Prior to Write 


tWHA 

Address Hold Time 



After Write 


twscs 

Chip Select Set-Up 
Time Prior to Write 


tWHCS 

Chip Select Hold Time 
After Write 


tws 

Write Disable Time 


tWR 

Write Recovery Time 



RISE TIME AND FALL TIME 


Capacitance 


TYP 

MIN MAX 

(NOTE 6) 


Output Rise Time 

Measured Between 

Output Fall Time 

50% Points 



SYMBOL 

PARAMETER 

CONDITIONS 

C|N 

COUT 

Input Pin Capacitance 
Output Pin 
Capacitance 

Measure With a Pulse 
Technique 



Note 6: Typical values are at = -5.2V, T/\ = 25°C and maximum loading. 

Note 7: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 
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Switching Time Waveforms 


Chip Select Access Time 


DATA OUTPUT 



Address Access Time 


ADDRESS INPUTS 


DATA OUTPUT 



ADDRESS INPUTS 


CHIP SELECT 


CS1,CS2,CS3 



DATA INPUT 
0|N 
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DM10415, DM10415A 


MM Semiconductor 

DM10415, DM10415A 1024 x 1 ECL Random 
Access Memory 

General Description Features 


Bipolar RAMs 


The DM10415, DM10415A is a 1024-word by 1-bit ECL 
random access memory. This fully static memory is 
designed with an active low chip select and separate 
I/O pins. The 10 address bits (AO through A9) are fully 
decoded on the chip. Applications such as scratch pad, 
cache, and buffer memories are ideal for this high speed 
RAM. 

An unterminated emitter-follower output is provided 
to allow the outputs to be wire-ORed. Separate Data 
In and non-inverted Data Out pins are provided. These 
RAMs are compatible with compensated and uncom- 
pensated lOk ECL families. 


Features 

■ Fully compatible with standard and voltage compen- 
sated 10k series ECL 

■ Temperature range 0°C to -i-75°C 

■ Unterminated emitter-follower output for wire-ORing 

■ Power dissipation decreases with increasing temp- 
erature 

■ Typical address access 

DM10415 25 ns 

DM10415A 12 ns 

■ Typical chip select access 

DM10415 7 ns 

DM10415A 4n.<; 


Block and Connection Diagrams 



Dual-In-Line Package 



Order Number DM10415J 
or DM10415AJ 
See NS Package J16A 


Logic Symbol 


Truth Table 



AO— A9 Address Inputs 
D|i\| Data Input 

DqUT Data Output 

CS Chip Select 

WE Write Enable 


CS WE 

D|N 

dqut 

MODE 

H X 

X 

L 

Not Selected 

L L 

H 

L 

Write 1 

L L 

L 

L 

Write 0 

L H 

X 

Dqut 

Read 


L = low (-1 .7V nominal) 
H = high (-0.9V nominal) 
X = don't care 
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Operating Conditions 

MIN 

Supply Voltage (Ve^) -5.46 

Ambient Temperature (Ta) 0 


Absolute Maximum Ratings 


Temperature Under Bias (Ambient) -55°C to +125°C 

Storage Temperature Range — 65“C to +150”C 

Vee Relative to Vcc — 7.0V to +0.5V 

Any Input Relative to Vqq Vee to +0.5V 

Output Current (Output High) -30 mA to +0.1 mA 

Lead Temperature (Soldering, 10 seconds) 300°C 


DC Electrical Characteristics 

Vee = -5.2V, Output Load = 50^2 and 30 pF to -2.0V, Ta = 0°C to +75°C (Notes 1—4) 


SYIVIBOL 

PARAMETER 

CONDITIONS 

Ta 

VOH 

Output Voltage High 

V|N = V|HAorV|LB 

o°c 

+25°C 

+75°C 

VOL 

Output Voltage Low 

V|N = V|HAorV|LB 

0°C 
+25° C 
+75° C 

vqhc 

Output Voltage High 

ViN = Vihb or Vila 

0°C 

+25°C 

+75°C 

VOLC 

Output Voltage Low 

V|N = Vihb or Vila 

0°C 
+25° C 
+75°C 

V|H 

Input Voltage High 

Guaranteed Input Voltage High 
for All Inputs 

0°C 
+25° C 
+75°C 

V|L 

Input Voltage Low 

Guaranteed Input Voltage Low 
for All Inputs 

0°C 

+25°C 

+75°C 

l|H 

Input Current High 

VlN = V|HA 

0°C 

to 

+75°C 

IlL 

Input Current Low, CS 
All Others 

V|N = V|LB 

+25°C 
+25° C 

Iee 

Power Supply Current 
(Pin 8) (Note 5) 

All Inputs and Outputs Open 

0°C 


Note 1: Conditions for testing not shown in the tables are chosen to guarantee operation under "worst case" conditions. 

Note 2: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 
extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 3: Guaranteed with transverse air flow exceeding 400 linear F.P.M. and 2-minute warm-up period. Typical resistance values of the package 
are: 0 ja. (Junction to Ambient) = SO^C/W (still air); Sja (Junction to Ambient) = 50°C/W (at 400 F.P.M. air flow); fljA (Junction to Case) = 
25°C/W. 

Note 4: "A" indicates the most positive value, "B" indicates the most negative value. 

Note 5: Typical values at Vee = -5.2V: Ta = 0°C, Iee “ “105 mA; Ta = 75°C, Iee “ “9^ hiA. 
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DM10415, DM10415A 


Functional Description 

Addressing the DM10415/DM10415A is achieved by 
means of the 10 address lines AO— A9. Each of the 2^0 
one-zero combinations of the address lines corresponds 
to a bit loc ation in the memory. The active low Chip 
Select (CS) together with the unterminated emitter- 
follower output allows for memory array expansion to 
2048 words without additional decoding. This emitter- 
follower output allows for wire-ORing. A 50S2 resistor 
to -2V (or an equivalent network) is required to provide 
a low at the output when the device is off. This ter- 
mination is required for both single device or wire- 
ORed operation. 

AC Electrical Characteristics 

Vee = -5.2V ±5%, Output Load = 50J2, 30 pF to -2.0V, Ta ^ 


Th e device is selected with CS low and deselected with 
CS high. The operating mode is controlled by the active 
low Write Enable (WE). WE low causes the data at the 
Data Input (D|n) to be stored at the selected address. 
WE low also causes the output to be disabled (low due 
to the son pull-down resistor). WE high causes the data 
stored at the selected address to be present at the Data 
Out (Dout) pin- 


SYMBOL 

PARAMETER 

CONDITIONS 

1 READ MODE 

tACS 

Chip Select Access 
Time 

Measured at 50% of 

tRCS 

Chip Select Recovery 
Time 

Input to Valid Output 
(Note 7) 

tAA 

Address Access Time 



0 C to -^75 C 


DM10415A 


DM10415 


TYP 

(NOTE 6) 


tw 

Write Pulse Width 
(to Guarantee 
Writing) 

DM10415A 

DM10415 

twSA = 8 ns 
tWSA = 20 ns 

12 

tWSD 

Data Set-Up Time 
Prior to Write 



tWHD 

Data Hold Time 
After Write 



tWSA 

Address Set-Up Time 
Prior to Write 
DM10415A 
DM10415 

tw = 12 ns 
tw = 25 ns 


tWHA 

Address Hold Time 
After Write 



twscs 

Chip Select Set-Up 
Time Prior to Write 



tWHCS 

Chip Select Hold Time 
After Write 



tws 

Write Disable Time 



twR 

Write Recovery Time 




RISE TIME AND FALL TIME 


tr 

Output Rise Time 

Measured Between 20% 

tf 

Output Fall Time 

and 80% Points 




10 

ns 

10 

ns 

35 

ns 



ns 


ns 


ns 


ns 


ns 


ns 


ns 

10 

ns 

10 

ns 


Capacitance 




Input Pin Capacitance 
Output Pin 
Capacitance 


Measure With a Pulse 
Technique 


Note 6: Typical values are at Vee = -5-2V, T^ = 25 C and maxumum loading. 

Note 7: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 


3-30 
































































3-31 


DM10415, DM10415A 









Switching Time Waveforms (Continued) 


ADDRESS INPUTS 


CHIPSELE^ 

CS 








National 

Bipolar RAMs 

Semiconductor 

PREVIEW 

DM10422 1024-Bit (256 x 4) ECL RAM 

General Description 

Features 

The DM10422 is normally a 256-word by 4-bit random ac- 

■ 4 separate Block Select inputs for from 256x4 to 

cess memory. However the memory has four Block Select 
(BS0-BS3) inputs which allow “WIRE OR” of any of the 

1024 X 1 configuration 

four blocks for a maximum 1024-word by l-bit memory. 
The high speed access time allows its use in scratch pad, 
buffer, and control storage applications. The device is 

■ Typical address access time— 12 ns 

voltage compensated and is compatible with all 10K 
logic. Separate Data In and Data Out pins allow the set 

■ Block Select access time — 4 ns 

up of data for a write cycle while performing a read. 

■ 10k logic compatible 


Block and Connection Diagrams 


Y- DECODER/DRIVER 


Dual-In-Line Package 



000 DIO BSD 001 DM BS1 002 012 8S2 003 013 BS3 


Logic Symbol 


Pin Names 

BS0 BS3 Block Selects 

A0 A7 Address Inputs 

wE Write Enable 

DI0-DI3 Data Inputs 

DO0 DO3 Data Outputs 



Truth Table (Positive Logic) 


Input 


BS WE Dl 


DM10422 

























National 

Semiconductor 


Bipolar RAMs 

PREVIEW 


DM10470 4096-Bit (4096 x 1) ECL RAM 


General Description 


The DM100470 is a 4096-bit random access memory 
organized 4096-words by l-bit. it is designed for high 
speed scratch pad and buffer storage appiications. It is 
voltage and temperature compensated and compatible 
with aii 100k iogic. It has separate Data In and Data Out 
pins. The active low Chip Seiect CS and open emitter out- 
puts aiiow easy expansion. 


Features 

■ Typical address access time— 18 ns 

■ Typical Chip Seiect access time— 10 ns 

■ 100K logic compatibie 

■ Open emitter outputs 

■ Power dissipation— 0.25 mW/bit 




















National 

Semiconductor 


Bipolar RAMs 

PREVIEW 


DM100414 256-Bit (256 x 1) ECL RAM 

General Description Features 


The DM100414 is a 256-bit random access memory, 
organized 256-words by 1-bit. it is designed for high speed 
scratch pads, control and buffer storage applications. 
The device has three chip selects (CS1-CS3) and separate 
Data In and Data Out pins. The open emitter output 
allows “OR” tying for easy expansion. It is both voltage 
'and temperature compensated to be compatible with all 
100k logic. 


■ Typical address access time— 7 ns 

■ Typical chip select time— 4 ns 

■ 50 kfi pull-down resistors 

■ Open emitter outputs 


Logic Diagram 


At 

A2 

A3 



Connection Diagram 

DuaMn-Line Package 


A4 A5 A6 A7 

Logic Symbol Truth Table 




Input 

Output 

Mode 

1 ^^ 


1 ^^ 

^1 


X 

B 

B 

B 

B 

L 

Not Selected 

n 

B 

B 

B 

B 

L 

Write "0" 

■ 

H 

B 

B 

H 

L 

Write “I" 

B 

B 

B 

B 

X 

Dqut 

Read 


'One or more Chip Selects HIGH 


Pin Names 

csi,^,c^ 

A0-A7 

D|N 

^UT 

WE 


Chip Select Inputs 
Address Inputs 
Data Input 
Data Output 
Write Enable Input 


DM100414 




















National 

Semiconductor 


Bipolar RAMs 

PREVIEW 


I DM100415 1024 x 1 ECL RAM 

General Description 

The DM100415 is a 1024-word by 1-bit ECL random access 
memory. This fuliy static memory is designed with an ac- 
tive low chip select and separate I/O pins; The 10 address 
bits (AO through A9) are fully decoded on the chip. Ap- 
plications such as scratch pad, cache, and buffer 
memories are ideal for this high speed RAM- 

An unterminated emitter-follower output is provided to 
allow the outputs to be wire-ORed. Separate Data In and 
non-inverted Data Out pins are provided. These RAMs are 
compatible with all 100k logic. 


Block Diagram 


ADDRESS 


WORD 

DECODER 


DRIVER 


Features 

■ Fully compatible with standard 100k logic 

■ Temperature range— 0°C to -f-85°C 

■ Unterminated emitter-follower output — full wire- 
ORing 

■ Power dissipation decreases with increasing 
temperature 

■ Typical address access— 12 ns 

■ Typical chip select access— 5 ns 


SENSE AMPS 
AND 

WRITE DRIVERS 


|7 |9 |10|11|U 
AS AS A7 AS AS 


Connection Diagram 

Dual-In-Line Package 


Logic Symbol Truth Table 
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Bipolar RAMs 

PREVIEW 


DM100422 1024-Bit (256 x 4) ECL RAM 


General Description 


The DM100422 is normally a 256-word by 4-bit random ac- 
cess memory. However the memory has four Block Select 
(BS0-BS3) inputs which allow “wire-OR” of any of the four 
blocks for a maximum 1024-word by 1-bit memory. The 
high speed access time allows its use in scratch pad, 
buffer, and control storage application. The device is both 
voltage and temperature compensated and is compatible 
with all 100k logic. Separate Data In and Data Out pins 
allow the set up of data for a write cycle while performing 
a read. 


Features 

■ 4 separate Block Select inputs for 256x4 to 1024x1 
configuration 

■ Typical address access time— 10 ns 

■ Block Select access time— 3 ns 

■ 100k logic compatible 


Logic and Connection Diagrams 


DuaMn-Line Package 



TOP VIEW 


Logic Symbol Truth Tabie (Positive Logic) 
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PREVIEW 


DM100470 4096-Bit (4096 x 1) ECL RAM 


General Description 


The DM10470 is a 4096-bit random access memory 
organized 4096-words by 1-bit. It is designed for high 
speed scratch pads and buffer storage applications. It is 
voltage compensated for high noise immunity and com- 
patible with all 10k series logic. It has. separate Data In 
and Data Out pins. The active low Chip Select CS and 
open emitter outputs allow easy expansion. 


Features 

■ Typical address access time— 30 ns 

■ Typical Chip Select access time— 10 ns 

■ 10k logic compatible 

■ Open emitter outputs 

■ Power dissipation— 0.25 mW/bit 
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Section 4 

Magnetic Bubble 
Memories 


Magnetic donnain memories, provide the highest den- 
sity of the extant memory technologies. The inherent 
simplicity in processing and lack of “charged” 
elements promise high reliability not found in tradi- 
tional memory technologies. The high density also 
affords low cost. The non-volatility of bubble 
memories make them especially suited for portable 
applications and remote terminals. The solid state 
nature offers higher reliability and lower maintenance 
costs than moving medium technologies. Support cir- 
cuits permitting easy design into any host system are 
also shown in the section. 





National 

Semiconductor 


Magnetic Bubble Memories 

PREVIEW 


DS3615 Bubble Memory Function Driver 


General Description 

The DS3615 is a function driver that 
converts digitai TTL ievel pulses 
generated by a timing circuit into the 
current pulses required by National’s 
NBM2256 256K-bit magnetic bubble 
memory. The DS3615 consists of input 
logic gates that are TTL compatible, a 
D flip-flop, a voltage boost circuit, and 
six current generators. The current 
generators deliver constant currents for 
driving the swap gate, generator 
element, map gate, and replicator gate 
of the magnetic bubble memory. 
Operation is from 0°C to 70°C. 


Features 

• TTL compatible inputs 

• Operates from two standard 
supplies: +5V, -I-12V 

• PNP inputs minimize loading 

• Built-in voltage boost 
circuitry— does not require an extra 
voltage supply 

• Power up/down glitch-free 
protection for both supplies 


DS3615 Functional Block Diagram 





DS3615 
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Magnetic Bubble Memories 

PREVIEW 


DS3616 Bubble Memory Coil Driver 


General Description 

A, B, C, and HLD-EN are TTL 
compatible low current inputs to insure 
easy interfacing to MOS controller 
circuits. Internal logic controls the 
output sinking and sourcing transistors 
to drive the X and Y bubble memory 
coils in a diode bridged push-pull 
configuration. 

Sourcing transistors are driven into 
saturation by the on-chip voltage 
booster for maximum current drive to 
the coil. 

An internal power up/down control 
circuit prevents glitches and noise on 
the outputs during system 
initialization. 

CS enables the output drive 
transistors. The RUN output is used to 
disable function drivers during power 
up/down. 

The DS3616 is characterized to operate 
from 0°C to 70°C. 


Features 

• Two high-current push-pull outputs 

• TTL compatible low current inputs 

• Two power supplies: -t-SV and -t-12V 

• Internal clamp diodes 

• Power up/down control circuit 

• Optional internal voltage booster 

• RUN output for function driver 
control 


DS3616 Functional Block Diagram 


voo vcc 

GND ( + 12V) (-r-SV) 
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PREVIEW 


DS3617 Bubble Memory Sense Amplifier 


General Description 

The DS3617 is a bubble memory sense 
amplifier that converts low level 
signals from the magneto-resistive 
detector of a bubble memory into TTL 
compatible output levels. Internal 
functions consist of an input bias 
circuit, an internaily AC coupled 
amplifier, a high-speed precision 
comparator, two flip-flops and a TRI- 
STATE® output stage. 

TTL compatible control inputs allow 
either average-to-peak or clamp and 
strobe (peak-to-peak) sensing of the 
input signal. The threshold voltage and 
the input bias voltage are externally 
adjustable, allowing compatibility with 
different types of bubble memories. 
Operation is specified from 0°C to 
70 °C. 


Features 

• -f 5V and -(-12V suppiy operation 

• On-chip adjustable detector bias 
circuit 

• Choice of average-to-peak or clamp 
and strobe sensing 

• Guaranteed tight threshold limits 
over the specified temperature and 
supply voltage range 

• Threshold externally adjustable over 
0 mV to 10 mV range 

• High threshold voltage sensitivity 

• TRI-STATE® output 

• Compatible with a wide range of 
bubble memories 

• Standard 16-pin DIP 
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Magnetic Bubble Memories 

PREVIEW 


INS82851 Bubble Memory Controller 


General Description 

The INS82851 is an NMOS controller 
specifically programmed for use with 
National Semiconductor's NBM2256 
256K-bit magnetic bubble memory. The 
controller provides all the system 
control needed for a single NBM2256 
module, and with the addition of a few 
TTL parts can control 2, 4 or 8 
modules. Among the functions 
provided are power up/down 
sequencing, error map bootstrap, 
address initialization, address 
conversion and cycle counting for data 
read/write, redundant bit 
insertion/deletion, error detection and 
correction, FIFO buffering, timing 
generator for interface circuits, and 
data transfer signals for DMA, interrupt 
or software polling. Operation is from 
0"C to 70°C. 


Features 

• Controls 1, 2, 4 or 8 NBM2256 
modules 

• MICROBUS'^^ interface for 
microprocessor applications 

• DMA, interrupt or polled transfer 
signals 

• Provides complete timing generation 
for interface circuits 

• Redundancy insertion/deletion 

• FIFO buffering 

• Error detection/correction 

• 40-pin DIP, -t-5V supply 


INS82851 Controller 



REPMAP 

REPLIC 

CUT 

GEN 

STROBE 

XIN 

XOUT 


INS82851 
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PREVIEW 

NBM2256 Bubble Memory 

General Description 

National Semiconductor's NBM2256 is 

signal large enough to be 

a low cost, non-volatile, highly reliable 

discriminated reliably using standard 

solid state memory that uses magnetic 

electronic circuitry. 

bubble technology. The NBM2256 has 

In addition to storage area there is 

the form of a dual-in-line package 

one more storage loop which can be 

complete with the required in-plane 

used for the purpose of storing 

rotating field coils and permanent 

defective loop information and/or the 

magnet bias structure. 

address reference locations. 

The package has a magnetic shield 

The NBM2256 Bubble Memory can 

around it to protect the data from 

operate asynchronously up to its 

externally induced magnetic fields. 

maximum operating frequency, can be 

The magnetic materials are so chosen 

started and stopped at will and does 

that data integrity is guaranteed over a 

not lose data when power is 

wide temperature range. 

disconnected. 

The NBM2256 memory module has a 
nominal* capacity of 256k bits 
organized as 256 storage loops each 

Features 

having 1024 storage locations. The 
storage loops have an input track with 

□ Solid State 

a swap gate on one side and an 

□ Non-Volatile 

output track with a replicate gate on 

□ High Density 

the other. The input track is serviced 

□ Low Power 

by a generator and the output track 

□ Redundant Storage Loops 

leads into a sensing area where 

□ Page-Oriented Access 

bubbles are stretched to produce a 

□ Sequential Read/V\/rite 

*A usable number: physically there are more loops to impart 
defect toierancy. 

□ Start/Stop Capability 

□ Modular Capacity 

□ On-Chip Error Map 
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with the transfer-in ports of the 
storage loops. A “read” operation 
consists of pulsing the replicate gate 
at the proper time when the required 
data block is at the transfer- 
out/replicate port. Since data is 
replicated, a true non-destructive read 
operation is performed which does not 
require storing back the data block as 
in the case of major/minor loop 
organization. The replicated data block 
then is sequentially propagated 
through the detectors to be sensed 
electronically. A data modifying 
operation is similar to the “write” 
operation since "true swap” gates 
used exchange the new data block 
with the old one in one step. The old 
data block is discarded by propagating 
through the guard rails. The swap 
gates also eliminate the necessity of 
sustaining power for a duration longer 
than the swap operation in the event 
of power failure. 


What are magnetic bubbles 

Magnetic bubbles are tiny cylindrical 
magnetic domains which are formed 
in a thin magnetic layer when a 
stabilizing magnetic field of optimum 


National’s Magnetic Bubble Module 
and Required Interface — 

A Functional Block Diagram 




General Specifications 

256K bits 

< 3pm 

< 100K mi|2 
^ 100kHz 

< 7m sec. 

< 1 Watt 
> 20 Oe 
0°C to 70 °C 
(case) 


Applications 

□ Microcomputer Mass Storage 

□ Word Processing Terminals 

□ Stored Program Controllers 

□ Measurement and Test Equipment 

□ Electronic Disc Applications 

□ Point-of-Sale Terminals 

□ Operating System Storage 

□ Fast Auxiliary Storage 


Functions 

A “write” operation requires current 
pulsing the generators sequentially 
according to the data pattern desired 
and then pulsing the swap gate when 
the data block propagates and aligns 


Capacity 
Bubble Size 
Chip Size 
Shift Rate 

Average Access Time 
Power Dissipation 
Magnetic Shielding 
Operating Tempera- 
ture 









Applications 


magnitude is applied orthogonally to 
the magnetic layer. This magnetic 
layer is grown by liquid phase epitaxy 
techniques over a non-magnetic 
substrate. 

The cylindrical magnetic domains can 
be moved over in a controlled manner 
with the aid of an in-plane rotating 
field by the creation of attracting 
manetic poles in a soft magnetic layer 
such as Permalloy. These domains 
can be created and destroyed at will 
by using magnetic fields generated by 
current-carrying conductors. The 
absence or presence of a domain can 
be used to denote binary information 
("O", “1”) used in digital computers. 
The detection of the cyclindrical 
domains is performed by their interac- 
tion with a magneto-resistive element 
whose change in resistance is conver- 
ted into a voltage by forcing a con- 
stant current through the element. 


Magnetic bubble memories are 
presently used in portable terminals, 
as message recorders in telephone 
systems and as floppy disc replace- 
ments where the environment is 
hazardous to rotating memories. In 
addition, they are being considered for 
microprocessor mass storage applica- 
tions, in word processing machines, in 
point-of-sale terminals where the small 
number of terminals can not justify a 
rotating memory, in data communica- 
tion links, in programmable calcula- 
tors, in diagnostic data logging for 
large computers, and in military and 
airborne applications where reliability 
is of prime importance. They are also 
being considered as cache between 
main memory and large capacity disc 
files to improve performance of the 
total system. 


Physical Dimensions inches (millimeters) 



NBM2256 






Section 5 


MOS EPROMs 


Customer-reprogrammable read-only memory has 
made a remarkable impact upon the art, of logic 
design. National’s EPROMs make practical new 
applications of microprocessors. National is a volume 
production source of the products included here, and 
is developing larger EPROMs for tomorrow’s 
applications. 




National 

Semiconductor 


MOS EPROMs 


MM1702A 2048-Bit (256 x 8) 

General Description 

The MM1702A is a 256 word by 8-bit electrically 
programmable ROM ideally suited for uses where fast 
turn-around and pattern experimentation are important. 
The MM1702A undergoes complete programming and 
functional testing on each bit position prior to shipment, 
thus insuring 100% programmability. 

The MM1702AQ is packaged in a 24-pin dual-in-line 
package with a transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
the bit pattern. A new pattern can then be written into 
the device. The MM1702AD is packaged in a 24-pin 
dual-in-line package with a metal lid and is not erasable. 

The circuitry of the MM1702A is entirely static; no 
clocks are required. 

A pin-for-pin metal mask programmed ROM, the 
MM1302 is ideal for large volume production runs of 
systems initially using the MM1702A. 


UV Erasable PROM 


TheMM1702A is fabricated with silicon gate technology. 
This low threshold technology allows the design and 
production of higher performance MOS circuits and 
provides a higher functional density on a monolithic 
chip than conventional MOS technologies. 


Features 

■ Fast programming— 30 seconds for all 2048 bits 

■ All 2048 bits guaranteed programmable— 100% 
factory tested 

■ Fully decoded, 256 x 8 organization 

■ Static MOS— no clocks required 

■ Inputs and outputs DTL and TTL compatible 

■ TRI-STATE® output— OR-tie capability 

■ Simple memory expansion— chip select input lead 

■ Direct replacement for the Intel 1702A 


Block and Connection Diagrams 


□ual-ln-Line Package 

PRO- 

Vdd Vcc Vcc A3 A4 A5 A8 A7 Vco V„ CS ORAM 
I 24 1 23 I 22 I 2 I [20 |i9 111 In |i6 |i5 |i4 |i3 


Noti: In thi riid modi • logic 
‘T' i( thi addritt inputi ind dita 
outputs it a high and logic "Q" it 


I 2 3 4 1 8 2 8 9 10 11 12 


I 


A0-A7 

Address Inputs 


CS 

Chip Select Input 


DqUT 1 “ DoUT 8 

Data Outputs 



Pin Connections* 


A2 A1 AO J 2 3 4 6 6 7 B, Vcc 

LSB OUj MSB 

TOP VIEW 

*Thit pin it tha data input laad during programming. 

Order Number MM1702AQ 
See NS Package J24CQ 


MODE/PIN 

12 

(Vcc) 

13 

(PROGRAM) 

B 

15 

(Vbb) 

16 

(VggI 

22 

(Vcc) 

23 

(Vcc) 

Read 

Vcc 

Vcc 

GND 

< 

0 

0 

Vqg 

Vcc 

Vcc 

Programming 

GND 

Program Pulse 

GND 

1 1 

Pulsed Vqq (V||_4p) 

GND 

GND 


"The external lead connections to the MM1702A differ, depending on whether the device is being programmed or used in 
read mode. (See following table.) In the programming mode, the data inputs are pins 4—1 1 respectively. 
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Absolute Maximum Ratings (Notei> 





Storage Temperature -65°C to +125°C 

Power Dissipation 2W 

Read Operation 

Input Voltages and Supply Voltages with +0.5V to -20V 

Respect to Vqc 
P rogram Operation 

Input Voltages and Supply Voltages with -48V 

Respect to V^c 

Lead Temperature (Soldering, 10 seconds) 300°C 





Read Operation DC Characteristics 

T^ = 0°C to +70° C, Vqc = +5V ±5%, Vqq = -9V ±5%, Vqq = -9V ±5%, unless otherwise noted. Typical values are at nominal 
voltages and T,<^ = 25°C. (Note 2) 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

'li 

Address and Chip Select 

V|N =o.ov 



1 

AiA 


Input Load Current 






*LO 

Output Leakage Current 

Vqut — O-OV, CS = Vqq —2 



1 

pA 

Iddo 

Power Supply Current 

Vqg “ ^cc< “ ^cc 
lot = 0.0 mA, Ta =25°C, 
(Note 2) 


5 

10 

mA 

Iddi 

Power Supply Current 

CS “ Vqq “2, Iql ~ 0,0 mA, 
Ta = 25° C 


35 

50 

mA 

IdD2 

Power Supply Current 

CS = 0.0, loL = 0.0 mA, Ta = 25°C 


32 

46 

mA 

IdD3 

Power Supply Current 

CS ~ ^ cc ^OL ~ 0.0 mA, 

Ta=0°C 


38.5 

60 

mA 

•cFI 

Output Clamp Current 

VouT =-1-0V, Ta =0°C 


8 

14 

mA 

*CF2 

Output Clamp Current 

Vqut =-1-0, Ta =25°C 



13 

mA 

Igg 

Gate Supply Current 




1 

luA 

V|L1 

Input Low Voltage for 
TTL Interface 


-1.0 


Vcc-4.1 

V 

V|L2 

Input Low Voltage for 
MOS Interface 


Vdd 


Vqc-6 

V 

V,H 

Address and Chip 
Select Input High 
Voltage 


Vcc-2 


Vqc+0.3 

V 

Iql 

Output Sink Current 

Vqut = 0.45V 

1.6 

4 


mA 

Iqh 

Output Source Current 

Vqut - O.OV 

-2.0 



mA 

< 

o 

r 

Output Low Voltage 

Iql “ 1.6 m A 


-0.7 

0.45 

V 

r 

o 

> 

Output High Voltage 

Iqh “ “1 00^1 A 

3.5 

4.5 


V 

Note 1: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress fating only and 
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specification is 
not implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability. 

Note 2: Power-Down Option; Vqq may be clocked to reduce power dissipation. The average Iqq will vary between Iddo ^DDI depending 

on the Vqq duty cycle (see typical characteristics). For this option, please specify MM1 702AL. 


















Read Operation AC Characteristics 

Ta = 0°C to +70°C, Vcc = +5V ±5%, Vp^ = -9V ±5%, Vqg ~ ±5%, unless otherwise noted. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Freq. 

Repetition Rate 



1 

MHz 

^OH 

Previous Read Data Valid 



100 

ns 

^ACC 

Address to Output Delay 


0.7 

1 


^DVGG 

Clocked Vqg Set-Up (Note 1) 

1 



11 % 

^cs 

Chip Select Delay 



100 

ns 

^co 

Output Delay From CS 



900 

ns 

^OD 

Output Deselect 



300 

ns 

^OHC 

Data Out Hold in Clocked Vqg Mode (Note 1) 



5 

A<s 


Capacitance Characteristics = 25°c (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

C|N 

Input Capacitance 

All Unused 

< 

z 

II 

< 

o 

o 


8 

15 

pF 

Cqut 

Output Capacitance 

Pins Are 

CS = Vcc 


10 

15 

pF 

Cvgg 

Vqg Capacitance 
(Note 1) 

At ac 
Ground 

Vqut ~ Vcc 
Vqg = Vcc 



30 

pF 


Note 3: This parameter Is periodically sampled and is not 100% tested. 


Read Operation Switching Time Waveforms 

(a) Constant Vqq Operation 


(b) Power-Down Option (Note 1) 


-CYCLE TIWE-l/f- 



OESELEC 

i 


X 



WToiT 

V,. .A 


X 


\ /\ \ 

(NOTED \ 

I* iacc — *h~H h" — 

DATA OUT \ / DATAOU 

INVALID \ / INVALIC 



Noti 1 ; The output will remain valid for tone ** clocked Vqc n at Vcc- An 
addresi change may occur ai soon as the output it senud (clocked Vqg may still be at 
Vcc)* becomes invalid for the old address when clocked Vqg it returned to Vgc- 































Programming Operation DC Characteristics 

= 25° C, Vcc ~ OV, Vb 0 = 12V ±10%, CS = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

kiiP 

Address and Data Input 
Load Current 

V|N =-48V 



10 

mA 

•lI2P 

Program and Vqq Load 
Current 

V|N =-48V 



10 

mA 

'bb 

V00 Supply Load Current 

(Note 5) 


10 

100 

mA 

•ddp 

Peak Iqd Supply Load 
Current 

Vdd ~ VppoG ~ “48V 
Vgg =-35V (Note 4) 


200 

300 

mA 

V|HP 

Input High Voltage 




0.3 

V 

V|L1P 

Pulsed Data Input Low 
Voltage 


-46 


-48 

V 

V|L2P 

Address Input Low Voltage 


-40 


-48 

V 

V|L3P 

Pulsed Input Low Vqo and 
Program Voltage 


-46 


-48 

V 

V|L4P 

Pulsed Input Low Vqg 
Voltage 


-35 


-40 

V 


Note 4: Iqdp flows only during Vqq, Vqg time. Iqdp should not be allowed to exceed 300 mA for greater than lOOps. Average 
power supply current IddP is typically 40 mA at 20% duty cycle. 

Note 5: The Vge supply must be limited to 100 mA max current to prevent damage to the device. 


Programming Operation AC Characteristics 

Ta = 25°C, Vqc = OV, V 0B = 12V ±10%, CS = OV unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Duty Cycle (Voo- Vgg) 




20 

% 

10PW 

Program Pulse Width 

Vgg = -35V, Vdd = 
VpROG - -48V 


• 

3 

ms 

low 

Data Set-Up Time 


25 



MS 

^DH 

Data Hold Time 


10 



MS 

tvw 

Vdd, Vgg Set-Up 


100 



MS 

^VD 

Vdd< Vgg Hold 


10 


100 

MS 

^ACW 

Address Complement 
Set-Up 

(Note 6) 

25 



MS 

^ACH 

Address Complement 
Hold 

(Note 6) 

25 



MS 

^ATW 

Address True Set-Up 


10 



MS 

Iath 

Address True Hold 


10 



MS 


Note 6: All 8 address bits must be in the complement state when pulsed VpD snd Vqg move to their negative levels. The addresses 
(0—255) must be programmed as shown in the timing diagram until data reads true, then over-programmed 4 times that amount. 
(Symbolized by x -t 4x.) 































OUTPUT SINK CURRENT (mA) CURRENT (mA) 


Programming Operation Switching Time Waveforms 


DATA INPUT 

(DEVICE ''y 

OUTPUT y. 

LINES) -46 TO^ 


eiNAftv complement 
AOORESSOFWORO 
TO 6E PROCRAMMEO 


BINARY AODRESSOF 
WORD TO BE 
PROGRAMMED 





^OATACAN;;^Z^^ DATA STABLE ;^DATA CAN;^ Conditio 
^ CHANCE TIME Y/ CHANGE Input 

W///////////////' 'YY/////////. r? . 


Typical Performance Characteristics 


| 0 D Current vs Temperature 



0 20 40 60 80 100 120 

AMBIENT TEMPERATURE fC) 


Output Current vs Vqq 
S upply Voltage 



-5 -6 -7 -8 -9 -10 

SUPPLY VOLTAGE (V) 


Program Waveforms 





Vcc ' +5V 
Vod = -9V 
Vgg = -9V 


^ = O.D^ 



I. = +0.45V 

I Vcc 

I Vdd 

= +6V 
•-9V 





1 

< < 

•-9V 
• O.OV 

CS 

■=o.ov 

h— - 


-- 

I I I 

I 




10 20 30 40 60 60 70 

AMBIENT TEMPERATURE ("0 


Output Sink Current vs 
Output Voltage 


— I — I — 
Vcc = +5V 
-Vdd = -9V- 
_Vgg=-9V 
Ta = ♦25”C 
1 A 





2 


Y 










-3-2-10 1 2 3 4 

OUTPUT VOLTAGE (V) 


Average Current vs Duty 
Cycle for Clocked Vqq 
(N ote 1) 


_CLOCKEOVog“-9V 
Vgo - -9V 

35 - CS =V|„ - 

in - Ta =+25"C. 


10 20 30 40 50 60 70 80 90 100 
DUTY CYCLE (%) 


Access Time vs Load 
Capacitance 


1 TTL LOAO- 

Vcc = +5V 

Vdd = -9V 

— Vog = -9V - 

Ta= +25”C - 

-U M I .1. .1 I I I 

10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (pF) 


Access Time vs Temperature 


. 1 TTL LOAD 3! 20 pF. 

Vcc = +5V 
■ Vno = -9V 


10 20 30 40 50 60 70 80 90 
AMBIENT TEMPERATURE (°CI 
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Operation of the MM1702A in Program Mode 


Initially, all 2048 bits of the ROM are in the "0" 
state (output low). Information is introduced by selec- 
tively programming "1's" (output high) in the proper bit 
locations. 

Word address selection is done by the same decoding 
circuitry used in the READ mode (see table for logic 
levels). All 8 address bits must be in the binary comple- 
ment state when pulsed Vdd and Vqq move to their 
negative levels. The addresses must be held in their binary 
complement state for a minimum of 25/is after V^q and 
Vqg have moved to their negative levels. The addresses 
must then make the transition to their true state a 


MM1702A Erasing Procedure 

The MM1702A may be erased by exposure to high 
intensity short-wave ultraviolet light at a wavelength of 
2537A. The recommended integrated dose (i.e., UV 
intensity x exposure time) is 6W sec/cm^. Examples of 
ultraviolet sources which can erase the MM1702A in 10 
to 20 minutes are the Model UVS-54 and Model S-52 
short-wave ultraviolet lamps manufactured by Ultra- 
Violet Products, Inc. (5114 Walnut Grove Avenue, 
San Gabriel, California). The lamps should be used with- 


minimum of lO^is before the program pulse is applied. 
The addresses should be programmed in the sequence 
0—255 for a minimum of 32 times. The eight output 
terminals are used as data inputs to determine the 
information pattern in the eight bits of each word. A low 
data input level (-48V) will program a "1" and a high 
data input level (ground) will leave a "0" (see table on 
page 4-4). All eight bits of one word are programmed 
simultaneously be setting the desired bit information 
patterns on the data input terminals. 

During the programming, Vqq, Vqd and the Program 
Pulse are pulsed signals. 


out short-wave filters, and the MM1702A to be erased 
should be placed about one inch away from the lamp 
tubes. There exists no absolute rule for erase time. 
Establish a worst case time required with the equipment. 
Then over-erase by a factor of 2, i.e., if the device 
appears erased after 8 minutes, continue exposure for 
an additional '16 minutes for a total of 24 minutes. 
(May be expressed as x + 2x.) 


/ 



National 

Semiconductor 


MOS EPROMs 


MM2708, MM2708-1 8192-Bit 
(1024 X 8) UV Erasable PROMs 


General Description 

The MM2708, MM2708-1 are high speed 8192 UV 
erasable and electrically reprogrammable EPROMs 
ideally suited for applications where fast turn-around 
and pattern experimentation are important requirements. 

The MM2708, MM2708-1 are packaged in a 24-pin 
dual-in-line package with transparent lid. The trans- 
parent lid allows the user to expose the chip to ultra- 
violet light to erase the bit pattern. A new pattern can 
then be written into the devices by following the pro- 
gramming procedure. 

These EPROMs are fabricated with the reliable, high 
volume, time proven, N-channel silicon gate technology. 


Features 

■ 1024 X 8 organization 

■ 800 mW max 

■ Low power during programming 

■ Access time — MM2708, 450 ns; MM2708-1, 350 ns 

■ Standard power supplies: 12V, 5V, — 5V 

■ Static— no clocks required 

■ Inputs and outputs TTL compatible during both 
read and program modes 

■ TRI-STATE® output 


Block and Connection Diagrams 


Dual-ln-Line Package 




Pin Connection During Read or Program 

' PIN NUMBER 


MODE 

9-11, 13-17 

12 

18 

19 

20 

21 

24 

Read 

dout 

Vss 

Vss 

VdD 

V|L 

VbB 

Vcc 

Program 

Din 

Vss 

Pulsed 

V|HP 

vdd 

V|HW 

VbB 

vcc 


Order Number MM2708Q or MM2708Q-1 
See NS Package J24CQ 


Pin Description 

AO— A9 Address inputs 

01—08 Data outputs 

CS/WE Chip select/write enable input 
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MM2708, MM2708-1 


Absolute Maximum Ratings (Note 1 ) 


Temperature Under Bias 
Storage Temperature 
VDD with Respect to Vgs 
VCC Vss with Respect to VgB 
All Input or Output Voltages with 
Respect to VgB During Read 


—25 C to +85 C 
-65°Cto+125°C 
20V to -0.3V 
15V to -0.3V 

15V to -0.3V 


CS/WE Input with Respect to VgB 

During Programming 20V to —0.3V 

Program Input with Respect to VgB 35V to -0.3V 
Power Dissipation 1.5 W 

Lead Temperature (Soldering, 10 seconds) 300°C 


Read Operation 


DC Operating Characteristics 

Ta = 0°C to +70°C, Vcc ~ 5V ±5%, Vqq “ 1 2V ±5%, Vgg = — 5V ±5%, Vgg = OV, unless otherwise noted, (Note 3) 


CONDITIONS 


V|N = 5.25V orV|N = V|L 


VoUT = 5.25V, CS/WE = 5V 


Worst-Case Supply Currents, All Inputs 
High, CS/WE = 5V, Ta = 0°C 


Worst-Case Supply Currents, All Inputs 
High, CS/WE = 5V, Ta = 0°C 


Worst-Case Supply Currents, All Inputs 
High, CS/WE = 5 V,Ta = 0°C 


SYMBOL 

PARAMETER 

ILI 

Address and Chip Select Input 
Sink Current 

ILO 

Output Leakage Current 

>DD 

Vqd Supply Current 

icc 

Vqc Supply Current 

>BB 

Vbb Supply Current 

V|L 

Input Low Voltage 

V|H 

Input High Voltage 

VOHI 

Output High Voltage 

V0H2 

Output High Voltage 

VOL 

Output Low Votlage 

Pd 

Power Dissipation 



lOH = -100 pA 


lOH = -l.mA 


IqL “ 1-5 niA 



■AC Electrical Characteristics 

Ta = 0°C to +70°C, Vcc “ 5V ±5%, Vqd = 1 2V ±5%, VbB “ — 5V ±5%, Vss = OV, unless otherwise noted 


Output Load: 1 TTL Gate and C(_= 100 pF, 
Input Rise and Fall Times < 20 ns; Timing 
Measurement Reference Levels; 0.8V 
and 2.8V for Inputs; 0.8V and 2.4V for 
Outputs, Input Pulse Levels: 0.65V to 3V 


SYMBOL 

PARAMETER 

tACC 

Address to Output Delay 

tco 

Chip Select to Output Delay 

tDF 

Chip Deselect to Output Delay 

tOH 

Address to Output Hold 


CAPACITANCE (Note 2) 


C|N 

Input Capacitance 

COUT 

Output Capacitance 



V|N = OV, Ta = 25 C, f = 1 MHz 
VoUT = OV, Ta = 25° C, f = 1 MHz 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. T/^ = 25° C, f = 1 MHz 

Note 3: Typical conditions are for operation at: T/^ = 25°C, Vqc = 5V, Vqd “ 12V, VgB = — 5V, and Vss = OV. 
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Switching Time Waveforms 


> 

r— > 






^ / 


h* — ^ 

— 




/DATA OUT invalid: 


sDATAOUT'^ 

^FLOATING^ 


Programming Instructions 

Initially, and after each erasure, all bits of the MM2708, 
MM2708-1 are in the "1" state (output high). Infor- 
ation is introduced by selectively programming "0" 
into the desired bit locations. A programmed "0" 
can only be changed to a "1" by UV erasure. 


The circuit js^ set up for programming operation by 
raising the CE/WE input (pin 20) to +12V. The word 
address is selected in the same manner as in the read 
mode. Data to be programmed are presented, 8 bits in 
parallel, to the data output lines (01—08). Logic levels 
for address and data lines and the supply voltages are 
the same as for the read mode. After address and data 
set up, one program pulse per address is applied to the 
program input (pin 18). One pass through all addresses 
is defined as a program loop. The number of loops (N) 


required is a function of the program pulse width (tpyy) 
according to N x tpyy > 100 ms. 

The width of the program pulse is from 0.1 to 1 ms. The 
number of loops (N) is from a minimum of 100 (tpw = 
1 ms) to greater than 1000 (tpyy = 0.1 ms). There must 
be N successive loops through all 1024 addresses. It is 
not permitted to apply N program pulses to an address 
and then change to the next address to be programmed. 
Caution should be observed regarding the end of a pro- 
gram sequence. The CS/WE falling edge transition must 
occur before the first address transition when changing 
from a program to a read cycle. The program pin should 
also be pulled down to V|i_p with an active instead of a 
passive device. This pin will source a small amount of 
current (l|PL) when CS/WE is at V|hw ('12V) and the 
program pulse is at V| LP. 


Programming Characteristics 

Ta = 25°C, Vcc “ 5V ±5%, Vqd = 12V ±5%, Vgg = — 5V ±5%, Vss = OV, unless otherwise noted 


DC Programming Characteristics 


V|N = 5.25V 


SYMBOL 

PARAMETER 

ILI 

Address and ^/WE Input 
Sink Current 

l|PL 

Program Pulse Source Current 

*IPH 

Program Pulse Sink Current 

Idd 

Vdd Supply Current 

icc 

Vcc Supply Current 

Ibb 

Vbb Supply Current 

V|L 

Input Low Level (Except 
Program) 

V|H 

Input High Level, All 
Addresses and Data 

V|HW 

CS/WE Input High Level 

V|HP 

Program Pulse High Level 

V|LP 

Program Pulse Low Level 


CONDITIONS 



Worst-Case Supply Currents, All Inputs High, 
CS/WE = 5V, Ta = 0°C 


Worst-Case Supply Currents, All Inputs High, 
CS/WE = 5V, Ta = 0°C 


Worst-Case Supply Currents, All Inputs High, 
CS/WE = 5V, Ta = 0°C 



Referenced to Vss 


Referenced to Vss 


V|HP — V| LP = 25V Min 


MAX 

UNITS 

10 

pA 

3 

mA 

20 

mA 

65 

mA 

10 

mA 

45 

mA 

0.65 

V 

VcC+1 

V 

12.6 

V 

27 

V 

1 

V 
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Functional Description 



ERASING 

The MM2708 is erased by exposure to high intensity 
ultraviolet light through the transparent window. This 
exposure discharges the floating gate to its initial state 
through induced photo current. It is recommended 
that the MM2708 be kept out of direct sunlight. The 
UV content of sunlight may cause a partial erasure 
of some bits in a relatively short period of time. Direct 
sunlight can also cause temporary functional failure. 
Extended exposure to room level fluorescent lighting 
will also cause erasure. An opaque coating (paint, tape, 
label, etc.) should be placed over the package window 
if this product is to be operated under these lighting 
conditions. 

An ultraviolet source of 2537 A yielding a total inte- 
grated dosage of 15 watt-seconds/cm2 is required. This 
will erase the part in approximately 15 to 20 minutes 


if a UV lamp with a 12,000 /iW/cm2 power rating is 
used. The MM2708 to be erased should be placed 
1 inch away from the lamp and no filters should be used. 


An erasure system should be calibrated periodically. 
The distance from lamp to unit should be maintained 
at 1 inch. The erasure time is increased by the square 
of the distance (if the distance is doubled the erasure 
time goes up by a factor of 4). Lamps lose intensity 
as they age. When a lamp is changed, the distance is 
changed, or the lamp is aged, the system should be 
checked to make certain full erasure is occurring. In- 
complete erasure will cause symptoms that can be 
misleading. Programmers, components and system 
designs have been erroneously suspected when incom- 
plete erasure was the basic problem. 


Typical AC Performance Characteristics 



-20 0 20 40 SO 80 

Ta - AMBIENT TEMPERATURE ('O 


Access Time vs Load 
Capacitance 



0 too 200 300 400 500 

Cl - LOAD CAPACITANCE (pF) 
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National 

kA Semiconductor 


MOS EPROMs 


MM2716 16,384'Bit (2048 x 8) UV Erasable PROM 


General Description 

The MM2716 is a high speed 16k UV erasable and 
electrically reprogrammable EPROM ideally suited for 
applications where fast turn-around and pattern ex- 
perimentation are important requirements. 

The MM2716 is packaged in a 24-pin dual-in-line pack- 
age with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
the bit pattern. A new pattern can then be written into 
the device by following the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, N-channel silicon gate technology. 


Features 

■ 2048 X 8 organization 

■ 525 mW max active power, 132 mW max standby 
power 

■ Low power during programming 

■ Access time— MM2716, 450 ns; MM2716-1, 350 ns; 
MM2716-2, 390 ns 

■ Single 5V power supply 

■ Static— no clocks required 

■ Inputs and outputs TTL compatible during both 
read and program modes 

■ TRI-STATE® output 


Block and Connection Diagrams * 


VPP + 5V 
VCC + 5V 
VSS GND 


DATA OUTPUTS (PROGRAM INPUTS) 
Oq-O; (00-07) 


Pin Connection During Read or Program 



PIN NAME/NUMBER 

MODE 

CE/PGM 

lE/P) 

OE 

(G) 

VPP 

VCC 

OUTPUTS 


18 

20 

21 

24 

9-11, 13-17 

Read 

VIL 

VIL 

5 

5 

DOUT 

Program 

Pulsed VI L 
to VIH 

VIH 

25 

5 

DIN 



Dual-ln-Line Package 



Order Number MM2716Q, MM2716Q-1 
or MM2716Q-2 
See NS Package J24CQ 

Pin Names 

A0-A10 Address Inputs 

Po— O 7 (QO- Q7) Data Outputs 


CE/PGM (E/P) 
OE(G) 

VPP 

VCC 

VSS 


Chip Enable/Program 
Output Enable 
Read 5V, Program 25V 
Power (5V) 

Ground 


Symbols in parentheses are proposed industry standard 
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Absolute Maximum Ratings (Note 1 ) 


Temperature Under Bias 
Storage Temperature 
VPP Supply Voltage with Respect 
to VSS 


-25 C to +85 C 
-65°C to +125°C 


26.5V to -0.3V 


All Input or Output Voltages with 

Respect to VSS (except VPP) 6V to —0.3V 

Power Dissipation 1 .5 W 

Lead Temperature (Soldering, 10 seconds) 300°C 


READ OPERATION (Note 2) 

DC Operating Characteristics 

Ta = 0°c to +70°C, VCC = 5V ±5%, (VCC = 5V ±10% for IV1M2716-1 ), 
VPP = VCC ±0.6V (Note 3), VSS = OV, unless otherwise noted. 



PARAMETER 


Input Current 


Output Leakage Current 


VPP Supply Current 


VCC Supply Current (Standbyl 


VCC Supply Current (Active! 


Input Low Voltage 


Input High Voltage 


Output High Voltage 


Output Low Voltage 


CONDITIONS 


VIN = 5.25V or VIN = VIL 


VOUT = 5.25V, CE/PGM = 5V 


VPP = 5.85V 


CE/PGM = VIH, OE = VIL 


CE/PGM = OE = VIL 


lOH = 400 pA 


lOL = 2.1 mA 



AC Characteristics (Note 4) 

Ta = 0°C to +70°C, VCC = 5V ±5%, (VCC = 5V ±10% for MM2716-1), 
VPP = VCC ±0.6V (Note 3), VSS = OV, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

[ MM2716 

1 MM2716-1 

1 MM2716-2 

UNITS 

ALTERNATE 

STANDARD 

MIN 

1 MAX 


MAX 


MAX 

*ACC 

TAVQV 

Address to Output Delay 

CE/PGM = OE = VIL 




350 


390 

ns 

tCE 

TELQV 

CE to Output Delay 

OE = VIL 


B9I 


350 


390 

ns 

tOE 

TGLQV 

Output Enable to Output Delay 

CE/PGM = VIL 


120 


120 


120 

ns 

IDF 

TGHQZ 

Output Enable High to Output Hi-Z 

CE/PGM = VIL 

0 

100 

0 

100 

Di 

100 

ns 

tOH 

TAXQX 

Address to Output Hold 

CE/PGM = OE = VIL 

0 


0 


0 


ns 

fOD 

TEHQZ 

CE to Output Hi Z 

OE = VIL 

0 

100 

0 

100 

0 

100 

ns 


Capacitance (Notes) 

Ta = 25°C, f= 1 MHz 


SYMBOL 

PARAMETER 

CONDITIONS 


UNITS 

Cl 

Input Capacitance 

VIN = 0V 

4 

6 

pF 

CO 

Output Capacitance 

VOUT = OV 

8 

12 

pF 



Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Typical conditions are for operation at: T/\ = 25°C, VCC = 5V, VPP = VCC, and VSS = OV. 

Note 3: VPP may be connected to VCC except during program. The ±0.6V tolerance allows a circuit to switch VPP between the read voltage 
and the program voltage. 

Note 4: Output load: 1 TTL gate and CL = 100 pF. Input rise and fall times < 20 ns. 

Note 5: Capacitance is guaranteed by periodic testing. 
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Switching Time Waveforms 


Read Cycle {CE/PGM = VID 


OUTPUT ENABLE 



Read Cycle (OE = VIL) 


CHIP ENABLE 



CHIP ENABLE 


Standby Power Down Mode (OE = VIL) 



‘00 J ‘ACC . 

■(TEHQZ) ^(TAVQV) 


CURRENT AODRESS 


VALID FOR 
CURRENT ADDRESS 


Symbols in parentheses are proposed industry standard 
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PRCX3RAM OPERATION 


DC Electrical Characteristics and Operating Conditions (Notes 1 and 2) 

(Ta = 25°C ±5°C) (VCC = 5V ±5%, VPP = 25V ±1 V) 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

ILI 

Input Leakage Current (Note 3) 



10 

(lA 

VIL 

Input Low Level 

-0.1 


0.8 

V 

VIH 

Input High Level 

2.0 


VCC -I- 1 

V 

ICC 

VCC Power Supply Current 



100 

mA 

IPP1 

VPP Supply Current (Note 4) 



5 

mA 

IPP2 

VPP Supply Current During 
Programming Pulse (Note 5) 



30 

mA 


AC Characteristics and Operating Conditions (Notes 1, 2, and 6) 

(Ta = 25°C ±5°C) (VCC = 5V ±5%, VPP = 25V ±1 V) 


SYMBOL 

PARAMETER 


TYP 

MAX 

UNITS 

ALTERNATE 

STANDARD 

tAS 

TAVPH 

Address Setup Time 

2 



Afs 

tos 

TGHPH 

OE Setup Time 

2 



Ais 

IDS 

TDVPH 

Data Setup Time 

2 



Ais 

tAH 

TPLAX 

Address Hold Time 

2 




tOH 

TPLGX 

OE Hold Time 

2 



Ais 

1DH 

TPLDX 

Data Hold Time 

2 



lis 

tDF 

TGHQZ 

Chip Disable to Output Float 
Delay (Note 4) 

0 


100 

ns 

ICE 

TGLQV 

Chip Enable to Output Delay (Note 4) 



120 

ns 

tpw 

TPHPL 

Program Pulse Width 

45 

50 

55 

ms 

tPR 

TPH1PH2 

Program Pulse Rise Time 

5 



ns 

tPF 

TPL2PL1 

Program Pulse Fall Time 

5 



ns 


Note 1: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP, To prevent damage to 
the device it must not be inserted into a board with power applied. 

Note 2; Care must be taken to prevent overshoot of the VPP supply when switching to +25V. 

Note 3; 0.45V<VIN < 5.25V. 

Note 4: CE/PGM = VI L, VPP = VCC + 0.6V. 

Note 5; VPP = 26V. 

Note 6: Transition times < 20 ns unless noted otherwise. 
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MM2716 


Timing Diagram 


Program Mode 


PROG^M VERIFY 
0£==VlL 


CURRENT ADDRESS X 


DATA IN STABLE 
CURRENT AOORESSX 


DATA OUT 
IVALID ADDRESS X 


DATA IN STABLE 
ADDRESSX + 1 


Functional Description 

DEVICE OPERATION 

The MM2716 has 3 modes of operation in the normal 
system environment. These are shown in Table I. 


The MM2716 read operation requires that OE = VIL, 
CE/PGM = VIL and that addresses AO— A10 have been 
stabilized. Valid data will appear on the output pins 
after tACC. fQE or tcE times (see Switching Time 
Waveforms) depending on which is limiting. 


Standby Mode (Power Down) 

The MM2716 ma^be powered down to the standby 
mode by making CE/PGM = VIH. This is independent of 
OE and automatically puts the outputs in their Hi-Z 
state. The power is reduced to 25% (132 mW max) 
of the normal operating power. VCC and VPP must be 
maintained at 5V. Access time at power up remains 
either tACC or tcE (see Switching Time Waveforms). 


Deselect Mode 

The MM2716 is deselected by making OE = VIH. This 
mode is independent of CE/PGM and the condition of 
the addresses. The outputs are Hi-Z when OE = VIH. 
This allows OR-tying 2 or more MM2716's for memory 
expansion. 


king OE = VIH. This PROGRAMMING 

and the condition of The MM2716 is shipped from National completely 

-Z when OE = VIH. erased. All bits will be at a "1" level (output high) 

M2716's for memory in this initial state and after any full erasure. Table II 
shows the 3 programming modes. 

TABLE I. OPERATING MODES (VCC = VPP = 5V) 


MODE 

PIN NAME/NUMBER 

CE/PGM 

(E/P) 

18 

OE 

(G) 

20 

OUTPUTS 
9-11, 13-17 

Read 

VIL 

VIL 

DOUT 

Deselect 

Don't Care 

VIH 

Hi-Z 

Standby 

VIH 

Don’t Care 

Hi-Z 


TABLE II. PROGRAMMING MODES (VCC = 5V) 
1 PIN NAME/NUMBER 


Program Verify 
Program Inhibit 


CE/PGM 

(E/P) 

18 

OE 

(G) 

20 

VPP 

21 

OUTPUTS 0 
9-11, 13-17 

Pulsed VIL 

VIH 

25 

DIN 

to VIH 




VIL 

VIL 

25(5) 

DOUT 

VIL 

VIH 

25 

Hi-Z 


Symbols in parentheses are proposed industry standard 
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Functional Description (Continued) 


Program Mode 


The MM2716 is programmed by introducing "0"s into 
the desired locations. This is done 8 bits (a byte) at a 
time. Any individual address, a sequence of addresses, 
or addresses chosen at random may be programmed. 
Any or all of the 8 bits associated with an address 
location may be programmed with a single program 
pulse applied to the chip enable pin. All input voltage 
levels, including the program pulse on chip enable are 
TTL compatible. The programming sequence is: 

With VPP = 25V, VCC = 5V, OE = VIH and CE/PGM 
= VIL, an address is selected and the desired data 
word is applied to the output pins. (VIL = "0" and 
VIL = "1" for both address and data.) After the 
address and data signals are stable the program pin 
is pulsed from VIL to VIH with a pulse width be- 
tween 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A high level 
(VIH or higher) must not be maintained longer than 
^PW(MAX) program pin during programming. 

MM2716's may be programmed in parallel with the 
same data in this mode. 

Program Verify Mode 

The programming of the MM2716 may be verified 
either 1 word at a time during the programming (as 
shown in the timing diagram) or by reading all of the 
words out at the end of the programming sequence. 
This can be done with VPP = 25V (or 5V) in either case. 

Program Inhibit Mode 

The program inhibit mode allows programming several 
MM2716's simultaneously with different data for each 
one by controlling which ones receive the program pulse. 
All similar inputs of the MM2716 may be paralleled. 
Pulsing the program pin (from VIL to VIH) will program 


a unit while inhibiting the program pulse to a_unit will 
keep it from being programmed and keeping OE = VIH 
will put its outputs in the Hi-Z state. 


The MM2716 is erased by exposure to high intensity 
ultraviolet light through the transparent window. This 
exposure discharges the floating gate to its initial state 
through induced photo current. It is recommended 
that the MM2716 be kept out of direct sunlight. The 
UV content of sunlight may cause a partial erasure 
of some bits in a relatively short period of time. Direct 
sunlight can also cause temporary functional failure. 
Extended exposure to room level fluorescent lighting 
will also cause erasure. An opaque coating (paint, tape, 
label, etc.) should be placed over the package window 
if this product is to be operated under these lighting 
conditions. 

An ultraviolet source of 2537 A yielding a total inte- 
grated dosage of 15 watt-seconds/cm2 is required. 
This will erase the part in approximately 15 to 20 
minutes if a UV lamp with a 12,000 /tW/cm^ power 
rating is used. The MM2716 to be erased should be 
placed 1 inch away from the lamp and no filters should 
be used. 

An erasure system should be calibrated periodically. 
The distance from lamp to unit should be maintained 
at 1 inch. The erasure time is increased by the square 
of the distance (if the distance is doubled the erasure 
time goes up by a factor of 4). Lamps lose intensity 
as they age. When a lamp is changed, the distance is 
changed, or the lamp is aged, the system should be 
checked to make certain full erasure is occurring. In- 
complete erasure will cause symptoms that can be 
misleading. Programmers, components, and system 
designs have been erroneously suspected when incom- 
plete erasure was the basic problem. 
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National 

Semiconductor 


MOS EPROMs 
PRELIMINARY 


MM2716E 16,384-Bit (2048 x 8) UV Erasable PROM 
Extended Temperature Range 


General Description 


The MM2716E is a high speed 16k UV erasable and 
electrically reprogrammable EPROM ideally suited for 
applications where fast turn-around and pattern ex- 
perimentation are important requirements. 

The MM2716E is packaged in a 24-pin dual-in-line 
package with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
the bit pattern. A new pattern can then be written into 
the device by following the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, N-channel silicon gate technology. 


Features 


■ — 40°C to -h85°C 

■ 2048 X 8 organization 

■ 550 mW max active power, 137.5 mW max standby 
power 

■ Low power during programming 

■ Access time — 450 ns 

■ Single 5V ±10% power supply 

■ Static— no clocks required 

■ Inputs and outputs TTL compatible during both 
read and program modes 

■ TRI-STATE® output 


Block and Connection Diagrams' 


OATA OUTPUTS (PROGRAM INPUTSI 
Oo-O; (Q0-Q7) 



Dual-ln-Line Package 



Pin Connection During Read or Program 
PIN NAME/NUMBER 


CE/PGM 

(E/P) 

18 

OE 

(G) 

20 

VPP 

21 

VCC 

24 

OUTPUTS 
9-11, 13-17 

VIL 

VIL 

5 

5 

DOUT 

Pulsed VIL 
to VIH 

VIH 

25 

5 

DIN 


Read 

Program 


Symbols in parentheses are proposed industry standard 


Order Number MM2716QE 
See NS Package J24CQ 

Pin Names 

AO— A10 Address Inputs 

Oq- O 7 (QO— Q7) Data Outputs 

CE/PGM (E/P) Chip Enable/Program 
OE (G) Output Enable 

VPP Read 5V, Program 25V 

VCC Power (5V) 

VSS Ground 
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Absolute Maximum Ratings (Note 1 ) 


Temperature Under Bias 
Storage Temperature 
VPP Supply Voltage with Respect 
to VSS 


-50°C to +100°C 
-65°Cto+125°C 


26.5V to -0.3V 


All Input or Output Voltages with 
Respect to VSS (except VPP) 6V to —0.3V 

Power Dissipation 1.5 W 

Lead Temperature (Soldering, 10 seconds) 300°C 


READ OPERATION (Note 2 ) 

DC Operating Characteristics 

Ta = -40°c to +85°C, VCC = 5V ±10%, VPP = VCC ±0.6V (Note 3), VSS = OV, unless otlierwise noted. 


SYMBOL 

PARAMETER 

ILI 

Input Current 

ILO 

Output Leakage Current 

IPP1 

VPP Supply Current 

ICC1 

VCC Supply Current (Standby) 

ICC2 

VCC Supply Current (Active) 

VIL 

Input Low Voltage 

VIH 

Input High Voltage 

VOH 

Output High Voltage 

VOL 

Output Low Voltage 


CONDITIONS 


VIN = 5.5V or VIN = VIL 


VOUT = 5.5V, CE/PGIVl = 5V 


VPP = 6.1V 


CE/PGM = VIH, OE = VIL 


CE/PGM = OE = VIL 


I OH = -400 aiA 


Output Low Voltage lOL = 2.1 mA 


AC Characteristics (Note 4) 

Ta = -40°C to +85°C, VCC = 5V ±10%, VPP = VCC ±0.6V (Note 3), VSS = OV, unless otherwise noted. 


SYMBOL 



ALTERNATE 

STANDARD 

^ACC 

TAVQV 

tCE 

TELOV 

tOE 

TGLQV 

tDF 

TGHQZ 

tOH 

TAXQX 

tOD 

TEHQZ 


PARAMETER 


Address to Output Delay 


E to Output Delay 


Output Enable to Output Delay 


Output Enable High to Output Hi-Z 


Address to Output Hold 


E to Output Hi-Z 


CONDITIONS 


CE/PGM = OE = VIL 


OE = VIL 


CE/PGM = VIL 


CE/PGM = OE = VIL 


OE = VIL 


MAX 

UNITS 

10 

pA 

10 

pA 

5 

mA 

25 

mA 

100 

mA 

0.8 

V 

vcc + 1 

V 


V 

0.45 

V 





Capacitance (Note 5> 

Ta = 25°C, f = 1 MHz 


SYMBOL 

PARAMETER 

CONDITIONS 

TYP 

MAX 

UNITS 

Cl 

Input Capacitance 

VIN = OV 

4 

6 

pF 

CO 

Output Capacitance 

VOUT = OV 

8 

12 

pF 



Note 1; "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Typical conditions are for operation at: T/\ - 25°C, VCC = 5V, VPP = VCC, and VSS = OV. 

Note 3: VPP may be connected to VCC except during program. The ±0.6V tolerance allows a circuit to switch VPP between the read voltage 
and the program voltage. 

Note 4: Output load: 1 TTL gate and CL = 100 pF. Input rise and fall times < 20 ns. 

Note 5: Capacitance is guaranteed by periodic testing. 
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Switching Time Waveforms* 


Read Cycle (CE/PGM = VI L) 


OUTPUT ENABLE 



1 VALID 

^ VALID 


L«- *0H ^ 

' (TAXQX) 



LIZA A 



« 'ACC ^ 

(TAVQV) 

(TGLQV) 0F_^ 

(TGHQZ)^ 

— 

HiZ y 

1 J 

^ HiZ 

s 


r 


CHIP ENABLE 


Read Cycle (OE = VI L) 


. «ACC . 
(TAVQV) 


tnn 

(TELQV) (TEHQZ)' 


CHIP ENABLE 


Standby Power Down Mode (OE = VI L) 



.*00 ^ >ACC 

(TEHQZ) ^(TAVQV) 


VALIO FOR 
CURRENT AOORESS 


VALID FOR 
CURRENT ADDRESS 


Symbols in parentheses are proposed industry standard 
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PROGRAM OPERATION 


DC Electrical Characteristics and Operating Conditions (Notes 1 and 2) 

(Ta = 25°C ±5°C) (VCC = 5V ±5%, VPP = 25V ±1V) 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

ILI 

Input Leakage Current (Note 3) 



10 

pA 

VIL 

Input Low Level 

-0.1 


0.8 

V 

VIH 

Input High Level 

2.0 


VCC + 1 

V 

ICC 

VCC Power Supply Current 



100 

mA 

IPP1 

VPP Supply Current (Note 4) 



5 

mA 

IPP2 

VPP Supply Current During 
Programming Pulse (Note 5) 



30 

mA 


AC Characteristics and Operating Conditions (Notes 1 , 2, and 6 ) 

(Ta = 25°C ±5°C) (VCC = 5V ±5%, VPP = 25V ±1V) 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

ALTERNATE 

STANDARD 

tAS 

TAVPH 

Address Setup Time 

2 



/ifS 

tos 

TGHPH 

OE Setup Time 

2 



ps 

IDS 

TDVPH 

Data Setup Time 

2 



ps 

^AH 

TPLAX 

Address Hold Time 

2 



ps 

tOH 

TPLGX 

OE Hold Time 

2 



AS 

1DH 

TPLDX 

Data Hold Time 

2 



AS 

tDF 

TGHQZ 

Chip Disable to Output Float 
Delay (Note 4) 

0 

■ 

100 

ns 

tCE 

TGLQV 

Chip Enable to Output Delay (Note 4) 



120 

ns 

tpw 

TPHPL 

Program .Pulse Width 

45 

50 

55 

ms 

tPR 

TPH1PH2 

Program Pulse Rise Time 

5 



ns 

tPF 

TPL2PL1 

Program Pulse Fall Time 

5 



ns 


Note 1: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to 
the device it must not be inserted into a board with power applied. 

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to +25V. 

Note 3: 0.45V< VIN ■: 5.25V. 

Note 4; Cl/PGIVI = VI L, VPP = VCC + 0.6V. 

Note 5: VPP = 26V. 

Note 6: Transition times <. 20 ns unless noted otherwise. 
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Timing Diagram* Program Mode 


PRnr.R&M PRnr.RAM UFRIFV 



The MIV12716E has 3 modes of operation in the normal 
system environment. These are shown in Table I. 

Read Mode 

Th e MM2716E read operation requires that OE = VIL, 
CE/PGM = VIL and that addresses AO— A10 have been 
stabilized. Valid data will appear on the output pins 
after t/\cc. fQE< fCE times (see Switching Time Wave- 
forms) depending on which is limiting. 


Standby Mode (Power Down) 

The MM2716E may be powered down to the standby 
mode by making CE/PGM = VIH. This is independent of 
OE and automatically puts the outputs in their Hi-Z 
state. The power is reduced to 25% (150 mW max) 
of the normal operating power. VCC and VPP must 
be maintained at 5V. Access time at power up remains 
either tyi^QQ or tQg (see Switching Time Waveforms). 


Deselect Mode 

The MM2716E is deselect^ by making OE = VIH. This 
mode is independent of CE/PGM and the condition of 
the addresses. The outputs are Hi-Z when OE = VIH. 
This allows OR-tying 2 or more MM2716Es for memory 
expansion. 


PROGRAMMING 

The MM2716E is shipped from National completely 
erased. All bits will be at a "1" level (output high) 
in this initial state and after any full erasure. Table II 
shows the 3 programming modes. 


TABLE I. OPERATING MODES (VCC = VPP = 5V) 


MODE 

PIN NAME/NUMBER 

CE/PGM 

(E/P) 

18 

OE 

(G) 

20 

OUTPUTS 
9-11, 13-17 

Read 

VIL 

VIL 

DOUT 

Deselect 

Don't Care 

VIH 

Hi-Z 

Standby 

VIH 

Don't Care 

Hi-Z 


TABLE II. PROGRAMMING MODES (VCC = 5V) 



PIN NAME/NUMBER 

MODE 

CE/PGM 

(E/P) 

18 

OE 

(G) 

20 

VPP 

21 

OUTPUTS Q 
9-11, 13-17 

Program 

Pulsed VIL 
to VIH 

VIH 

25 

DIN 

Program Verify 

VIL 

VIL 

25(5) 

DOUT 

Program Inhibit 

VIL 

VIH 

25 

Hi-Z 


^Symbols in parentheses are proposed industry standard 


5-22 




Functional Description (Continued) 

Program Mode 

The MM2716E is programmed by introducing "0"s into 
the desired locations. This is done 8 bits (a byte) at a 
time. Any individual address, a sequence of addresses, 
or addresses chosen at random may be programmed. 
Any or all of the 8 bits associated with an address 
location may be programmed with a single program 
pulse applied to the chip enable pin. All input voltage 
levels, including the program pulse on chip-enable are 
TTL compatible. The programming sequence is; 

With VPP = 25V, VCC = 5V, OE = VIH and CE/PGM 
= VIL, an address is selected and the desired data 
word is applied to the output pins. (VIL = "0" 
and VIH = "1" for both address and data.) After 
the address and data signals are stable the program 
pin is pulsed from VIL to VIH with a pulse width 
between 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A high level 
(VIH or higher) must not be maintained longer than 
tpw(MAX) ^he program pin during programming. 
MM2716Es may be programmed in parallel with the 
same data in this mode. 

Program Verify Mode 

The programming of the MM2716E may be verified 
either 1 word at a time during the programming (as 
shown in the timing diagram) or by reading all of the 
words out at the end of the programming sequence. 
This can be done with VPP = 25V (or 5V) in either case. 

Program Inhibit Mode 

The program inhibit mode allows programming several 
MM2716ES simultaneously with different data for each 
one by controlling which ones receive the program 
pulse. All similar inputs of the MM2716E may be par- 
alleled. Pulsing the program pin (from VIL to VIH) will 


program a unit while inhibiting the program pulse to a 
unit will keep it from being programmed and keeping 
OE = VIH will put its outputs in the Hi-Z state. 


The MM2716E is erased by exposure to high intensity 
ultraviolet light through the transparent window. This 
exposure discharges the floating gate to its initial state 
through induced photo current. It is recommended that 
the MM2716E be kept out of direct sunlight. The UV 
content of sunlight may cause a partial erasure of some 
bits in a relatively short period of time. Direct sunlight 
(any intense light) can cause temporary functional fail- 
ure due to generation of photo current. Extended expo- 
sure to room level fluorescent lighting will also cause 
erasure. An opaque coating (paint, tape, label, etc.) 
should be placed over the package window if this prod- 
uct is to be operated under these lighting conditions. 

An ultraviolet source of 2537 A yielding a total inte- 
grated dosage of 15 watt-seconds/cm2 is required. 
This will erase the part in approximately 15 to 20 
minutes if a UV lamp with a 1 2,000 /jW/cm^ power 
rating is used. The MM2716E to be erased should be 
placed 1 inch away from the lamp and no filters should 
be used. 

An erasure system should be calibrated periodically. 
The distance from lamp to unit should be maintained 
at 1 inch. The erasure time is increased by the square 
of the distance (if the distance is doubled the erasure 
time goes up by a factor of 4). Lamps lose intensity 
as they age. When a lamp is changed, the distance is 
changed, or the lamp is aged, the system should be 
checked to make certain full erasure is occurring. In- 
complete erasure will cause symptoms that can be 
misleading. Programmers, components, and system 
designs have been erroneously suspected when incom- 
plete erasure was the basic problem. 
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^ National 
^ Semiconductor 


MOS EPROMs 


MM2716M 16,384-Bit (2048 x 8) UV Erasable PROM 
Military Temperature Range 


General Description 

The IVIM2716M is a high speed 16k UV erasable and 
electrically reprogrammable EPROM ideally suited for 
applications where fast turn-around and pattern ex- 
perimentation are important requirements. 

The MM2716M is packaged in a 24-pin dual-in-line 
package with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
the bit pattern. A new pattern can then be written into 
the device by following the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, N-channel silicon gate technology. 


Features 

■ -55°Cto-H25°C 

■ 2048 X 8 organization 

■ 632 mW max active power, 150 mW max standby 
power 

■ Low power during programming 

■ Access time — 450 ns 

■ Single 5V ±10% power supply 

■ Static— no clocks required 

■ Inputs and outputs TTL compatible during both 
read and program modes 

■ TRI-STATE® output 


Block and Connection Diagrams^ 


VPP+5V 
VCC + 5V 
VSS GNO 


DATA OUTPUTS (PROGRAM INPUTS) 
O 0 -O 7 (00-07) 


OEIG)- 

^/PGM(£/P)- 


CONTROL/PROGRAM 

LOGIC 


Dual-ln-Line Package 

~~u — 




1 

1 

“T" 

1 

L 



OUTPUT BUFFERS 
(INPUT BUFFERS) 

A2 

Al — 

ADDRESS 


Y 

AOORESS 

BUFFER 


Y DECODE 


Y GATING 

AO— 

0„(QO)— 

INPUT 

1 A4-A10^ 

X 

ADDRESS 

BUFFER 


X DECODE 


16.3B4 
BIT MATRIX 

0 ,( 01 )— 
_ 11 


^A9 

— VPP 

— Of (G) 
ilAIO 

— CE/PGM 

— 07(07) 

— 06(06) 

— 05(05) 

— O 4 (04) 


Pin Connection During Read or Program 



PIN NAME/NUMBER 

MODE 

CE/PGM 

(E/P) 

OE 

(G) 

VPP 

VCC 

OUTPUTS 


18 

20 

21 

24 

9-11, 13-17 

Read 

VIL 

VIL 

5 

5 

□OUT 

Program 

Pulsed VIL 

VIH 

25 

5 

DIN 


to VIH 






Order Number MM2716QM 
See NS Package J24CQ 

Pin Names 

AO— AID Address Inputs 

Oq- O 7 (Q0-Q7) Data Outputs 
CE/PGM (E/P) Chip Enable/Program 
OE (G) Output Enable 

VPP Read 5V, Program 25V 

VCC Power (5V) 

VSS Ground 


Symbols in parenthieses are proposed industry standard 
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Absolute Maximum Ratings (Note ii 


Temperature Under Bias 
Storage Temperature 
VPP Supply Voltage with Respect 
to VSS 


-65“C to +125°C 
-65°C to +125°C 


26.5V to -0.3V 


All Input or Output Voltages with 

Respect to VSS (except VPP) 6V to —0.3V 

Power Dissipation 1.5 W 

Lead Temperature (Soldering, 10 seconds) 300°C 


READ OPERATION (Note 2) 

DC Operating Characteristics 

Ta = -55°C to +125°C, VCC = 5V ±10%, VPP = VCC ±0.6V (Note 3), VSS = OV, unless otherwise noted. 


SYMBOL 

PARAMETER 

ILI 

Input Current 

ILO 

Output Leakage Current 

IPP1 

VPP Supply Current 

ICC1 

VCC Supply Current (Standby) 

ICC2 

VCC Supply Current (Active) 

VIL 

Input Low Voltage 

VIH 

Input High Voltage 

VOH 

Output High Voltage 

VOL 

■ Output Low Voltage 


CONDITIONS 


VIN = 5.5V orVIN = VIL 


VOUT = 5.5V, CE/PGM = 5V 


VPP = 6.1V 


CE/PGM = VIH, OE = VIL 


CE/PGM = OE = VIL 


I OH = -400 ^A 


lOL = 2.1 mA 



MAX 

UNITS 

10 

pA 

10 

pA 

5 

mA 

30 

mA 

115 

mA 

0.8 

V 

vcc + 1 

V 


V 

0.45 

V 


AC Characteristics (Note 4) 

Ta = -55°C to +125°C, VCC = 5V ±10%, VPP = VCC ±0.6V (Note 3), VSS = OV, unless otherwise noted. 


SYMBOL 


ALTERNATE 

STANDARD 

*ACC 

TAVQV 

tCE 

TELQV 

tOE 

TGLQV 

tDF 

TGHQZ 

tOH 

TAXQX 

tOD 

TEHQZ 


PARAMETER 


Address to Output Delay 


E to Output Delay 


Output Enable to Output Delay 


Output Enable High to Output Hi-Z 


Address to Output Hold 


E to Output Hi-Z 


CONDITIONS 


CE/PGM = OE = VIL 


OE = VIL 


CE/PGM = VIL 


CE/PGM = OE = VIL 


OE = VIL 



Capacitance (Note si 

Ta = 25°C, f = 1 MHz 




SYMBOL 

PARAMETER 

CONDITIONS 

BB3I 

MAX 

UNITS 

Cl 

Input Capacitance 

VIN = 0V 

4 

6 

pF 

CO 

Output Capacitance 

VOUT = OV 

8 

12 

pF 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Typical conditions are for operation at; T/\ = 25° C, VCC = 5V, VPP = VCC, and VSS = OV. 

Note 3: VPP may be connected to VCC except during program. The ±0.6V tolerance allows a circuit to switch VPP between the read voltage 
and the program voltage. 

Note 4: Output load: 1 TTL gate and CL = 100 pF. Input rise and fall times <20 ns. 

Note 5: Capacitance is guaranteed by periodic testing. 
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Switching Time Waveforms^ 


Read Cycle (CE/PGM = VI L) 


OUTPUT ENABLE 



Read Cycle (OE = VI L) 


CHIP ENABLE 



Standby Power Down Mode (OE = VI L) 



'00 J 'ACC 

(TEHQZ) ^(TAVQV) 


VALIO FOR 
CURRENT AOORESS 


VALIO FOR 
CURRENT ADDRESS 


Symbols in parentheses are proposed industry standard 
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PRCX3RAM OPERATION 


DC Electrical Characteristics and Operating Conditions (Notes i and 2 ) 

(Ta = 25°c ±5°C) (VCC = 5V ±5%, VPP = 25V ±1V) 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

ILI 

Input Leakage Current (Note 3) 



10 

aA 

VIL 

Input Low Level 

-0.1 


0.8 

V 

VIH 

Input High Level 

2.0 


VCC + 1 

V 

ICC 

VCC Power Supply Current 



100 

mA 

IPP1 

VPP Supply Current (Note 4) 



5 

mA 

IPP2 

VPP Supply Current During 
Programming Pulse (Note 5) 



30 

mA 

AC Characteristics and Operating Conditions (Notes 1 , 2 , and 6) 

(Ta = 25°c ±5°C) (VCC = 5V +5%, VPP = 25V ±1 V) 

SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

ALTERNATE 

STANDARD 

tAS 

TAVPH 

Address Setup Time 

2 



AS 

tos 

TGHPH 

OE Setup Time 

2 



AS 

tos 

TDVPH 

Data Setup Time 

2 



AS 

tAH 

TPLAX 

Address Hold Time 

2 



AS 

tOH 

TPLGX 

OE Hold Time 

2 



AS 

tOH 

TPLDX 

Data Hold Time 

2 



AS 

tDF 

TGHQZ 

Chip Disable to Output Float 
Delay (Note 4) 

0 

■ 

130 

ns 

tCE 

TGLQV 

Chip Enable to Output Delay (Note 4) 



150 

ns 

tpw 

TPHPL 

Program Pulse Width 

45 

50 

55 

ms 

tPR 

TPH1PH2 

Program Pulse Rise Time 

5 



ns 

tPF 

TPL2PL1 

Program Pulse Fall Time 

5 



ns 

Note 1: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to 
the device it must not be inserted into a board with power applied. 

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to +25V. 

Note 3; 0.45V< VIN < 5.25V. 

Note 4; ^/PGM = VIL, VPP = VCC + 0.6V. 

Notes: VPP = 26V. 

Note 6: Transition times < 20 ns unless noted otherwise. 





































































































MM2716M 


Timing Diagram' 


Program Mode 


PROGRAM VERIFY 
0£ = VIL 


CURRENT ADDRESS X 


DATA iN STABLE 
CURRENT ADORESSX 


DATA OUT 
jvALID ADORESSX 


DATA iN STABLE 
ADDRESSX -t- 1 


Functionai Description 

DEVICE OPERATION 

The MM2716M has 3 modes of operation in the normal 
system environment. These are shown in Table I. 


The MM2716M read operation requires that OE = VI L, 
CE/PGM = VIL and that addresses AO— A10 have been 
stabilized. Valid data will appear on the output pins 
after tACC< ^OE- ^CE times (see Switching Time Wave- 
forms) depending on which is limiting. 

Deselect Mode 

The MM2716M is deselected by making OE = VIH. This 
mode is independent of CE/PGM and the condition of 
the addresses. The outputs are Hi-Z when OE = VIH. 
This allows OR-tying 2 or more MM2716M's for mem- 
ory expansion. 


Note: VPP = 25V 


Standby Mode (Power Down) 

The MM2716M may be powered down to the standby 
mode by making CE/PGM = VIH. This is independent of 
OE and automatically puts the outputs in their Hi-Z 
state. The power is reduced to 25% (150 mW max) 
of the normal operating power. VCC and VPP must 
be maintained at 5V. Access time at power up remains 
either t^cC ^CE Switching Time Waveforms). 


PROGRAMMING 

The MM2716M is shipped from National completely 
erased. All bits will be at a "1" level (output high) 
in this initial state and after any full erasure. Table II 
shows the 3 programming modes. 


TABLE I. OPERATING MODES (VCC = VPP = 5V) 


PIN NAME/NUMBER 

CE/PGM 

OE 

OUTPUTS 

(E/P) 

(G) 


18 

20 

9-11,13-17 

VIL 

VIL 

DOUT 

Don't Care 

VIH 

Hi-Z 

VIH 

Don't Care 

Hi-Z 


Read VIL VIL DOUT 

Deselect Don't Care VIH Hi-Z 

Standby VIH Don't Care Hi-Z 

TABLE II. PROGRAMMING MODES (VCC = 5V) 
1 PIN NAME/NUMBER 


Program Verify 
Program Inhibit 


CE/PGM 

(E/P) 

18 

OE 

(G) 

20 

VPP 

21 

OUTPUTS 0 
9-11, 13-17 

Pulsed VIL 

VIH 

25 

DIN 

to VIH 




VIL 

VIL 

25(5) 

DOUT 

VIL 

VIH 

25 

Hi-Z 


Symbols in parentheses are proposed industry standard 
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Functional Description (Continued) 

Program Mode 


The MM2716M is programmed by introducing "0"s into 
the desired locations. This is done 8 bits (a byte) at a 
time. Any individual address, a sequence of addresses, 
or addresses chosen at random may be programmed. 
Any or all of the 8 bits associated with an address 
location may be programmed with a single program 
pulse applied to the chip enable pin. All input voltage 
levels, including the program pulse on chip-enable are 
TTL compatible. The programming sequence is; 

With VPP = 25V, VCC = 5V, OE = VIH and ^/PGM 
= VIL, an address is selected and the desired data 
word is applied to the output pins. (VIL = "0" 
and VIH = "1" for both address and data.) After 
the address and data signals are stable the program 
pin is pulsed from VIL to VIH with a pulse width 
between 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A high level 
(VIH or higher) must not be maintained longer than 
tpw(MAX) on the program pin during programming. 
MM2716M's may be programmed in parallel with the 
same data in this mode. 

Program Verify Mode 

The programming of the MM2716M may be verified 
either 1 word at a time during the programming (as 
shown in the timing diagram) or by reading all of the 
words out at the end of the programming sequence. 
This can be done with VPP = 25V (or 5V) in either case. 

Program Inhibit Mode 

The program inhibit mode allows programming several 
MM2716M's simultaneously with different data for each 
one by controlling which ones receive the program 
pulse. All similar inputs of the MM2716M may be par- 
alleled. Pulsing the program pin (from VIL to VIH) will 


program a unit while inhibiting the program pulse to a 
uni t will keep it from being programmed and keeping 
OE = VIH will put its outputs in the Hi-Z state. 

ERASING 

The MM2716M is erased by exposure to high intensity 
ultraviolet light through the transparent window. This 
exposure discharges the floating gate to its initial state 
through induced photo current. It is recommended 
that the MM2716M be kept out of direct sunlight. The 
UV content of sunlight may cause a partial erasure 
of some bits in a relatively short period of time. Direct 
sunlight can also cause temporary functional failure. 
Extended exposure to room level fluorescent lighting 
will also cause erasure. An opaque coating (paint, tape, 
label, etc.) should be placed over the package window 
if this product is to be operated under these lighting 
conditions. 

An ultraviolet source of 2537 A yielding a total inte- 
grated dosage of 15 watt-seconds/cm2 is required. 
This will erase the part in approximately 15 to 20 
minutes if a UV lamp with a 12,000 pW/cm^ power 
rating is used. The MM2716M to be erased should be 
placed 1 inch away from the lamp and no filters should 
be used. 

An erasure system should be calibrated periodically. 
The distance from lamp to unit should be maintained 
at 1 inch. The erasure time is increased by the square 
of the distance (if the distance is doubled the erasure 
time goes up by a factor of 4). Lamps lose intensity 
as they age. When a lamp is changed, the distance is 
changed, or the lamp is aged, the system should be 
checked to make certain full erasure is occurring. In- 
complete erasure will cause symptoms that can be 
misleading. Programmers, components, and system 
designs have been erroneously suspected when incom- 
plete erasure was the basic problem. 
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MM2758 


MOS EPROMs 


Mlm Semiconductor 

MM2758 8192-Bit (1024 x 8) UV Erasable PROM 


General Description 


The MM2758 is a high speed 8 k UV erasable and elec- 
trically reprogrammable EPROM ideally suited for 
applications where fast turn-around and pattern ex- 
perimentation are important requirements. 

The MM2758 is packaged in a 24-pin dual-in-line pack- 
age with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
the bit pattern. A new pattern can then be written into 
the device by following the programming procedure. , 

This EPROM is fabricated with the reliable, high volume, 
time proven, N-channel silicon gate technology. 


Features 

■ 1024 X 8 organization 

■ 525 mW max active power, 132 mW max standby 
power 

■ Low power during programming 

■ Access time— 450 ns 

■ Single 5V power supply 

■ Static— no clocks required 

■ Inputs and outputs TTL compatible during both 
read and program modes 

■ TRI-STATE® output 


Block and Connection Diagrams 


0E(G)- 
CE/PGM (E/P)- 


CONTRQL/PROGRAM 

LOGIC 


A4-A 10 M ADDRESS 

' VI BUPFER 


DATA OUTPUTS (PROGRAM INPUTS) 
OQ-O 7 (Q0-Q7I 


OUTPUT BUFFERS 
(INPUT BUFFERS) 


16.384 
BIT MATRIX 


Pin Connection During Read or Program 


PIN NAME/NUMBER 

CE/PGM 

OE 


(E/P) 

(Q) VPP VCC 

OUTPUTS 

18 

20 21 24 

9-11, 13-17 

VIL 

VIL 5 5 . 

DOUT 

Pulsed VIL 

VIH 25 5 

DIN 

to VIH 




Dual-ln-Line Package 


Read 

Program 


Symbols in parentheses are proposed industry standard 
'•'For MIV12758A AR = VIL for all operating modes 
For IV1I\/I2758B AR = VIH for all operating modes 



TOP VIEW 

Order Number MM2758AQ 
or MM2758BQ 
See NS Package J24CQ 

Pin Names 

AO— AID Address Inputs 

O 0 -O 7 (QO— Q7) Data Outputs ' 
CE/PGM (E/P) Chip Enable/Program 
OE (G) Output Enable 

VPP Read 5V, Program 25V 

VCC Power (5V) 

VSS Ground 
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Absolute Maximum Ratings (Note 1 ) 


Temperature Under Bias 
Storage Temperature 
VPP Supply Voltage with Respect 
to VSS 


-25°C to +85° C 
-65°C to +125°C 


26.5V to -0.3V 


All Input or Output Voltages with 
Respect to VSS (except VPP) 

Power Dissipation 

Lead Temperature (Soldering, 10 seconds) 


READ OPERATION (Note 2) 

DC Operating Characteristics 

Ta = 0°c to +70° C, VCC = 5V ±5%, 

VPP = VCC ±0.6V (Note 3), VSS = OV, unless otherwise noted. 



PARAMETER 


Input Current 


Output Leakage Current 


VPP Supply Current 


VCC Supply Curr 


VCC Supply Current (Active) 


Input Low Voltage 


Input High Voltage 


Output High Voltage 


Output Low Voltage 


CONDITIONS 


VIN = 5 25V or VIN = VIL 


VOUT - 5.25V, CE/PGM - 5V 


VPP = 5.85V 


CE/PGM = VIH, OE = VIL 


CE/PGM - OE -- VIL 


lOH = 400 pA 


lOL = 2.1 mA 



AC Characteristics (Note 4) 

Ta = 0°C to +70° C, VCC = 5V ±5%, 

VPP = VCC ±0.6V (Note 3), VSS = OV, unless otherwise noted. 


SYMBOL 

ALTERNATE 

STANDARD 

*ACC 

TAVQV 

tCE ■ 

TELQV 

*OE 

TGLQV 

tDF 

TGHQZ 

tOH 

TAXQX 

tOD 

TEHQZ 


PARAMETER 


Address to Output Delay 


Output Enable to Output Delay 


Output Enable High to Output Hi-Z 


Address to Output Hold 


CE to Output Hi-Z 



Capacitance (Note 5) 

Ta = 25°C, f= 1 MHz 


SYMBOL 

PARAMETER 

CONDITIONS 

Cl 

Input Capacitance 

VIN = OV 

CO 

Output Capacitance 

VOUT = OV 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Typical conditions are for operation at: T/\ = 25°C, VCC = 5V, VPP = VCC, and VSS = OV. 

Note 3: VPP may be connected to VCC except during program. The +0.6V tolerance allows a circuit to switch VPP between the read voltage 
and the program voltage. 

Note 4: Output load: 1 TTL gate and CL = 100 pF. Input rise and fall times < 20 ns. 

Note 5: Capacitance is guaranteed by periodic testing. 
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Switching Time Waveforms 


Read Cycle (CE/PGM = VI L) 


OUTPUT ENABLE 



CHIP ENABLE 


Read Cycle {OE = VIL) 


. *ACC . 
(TAVQV) 


-'CE tnn 

(TELQV) (TEHQZ)' 


CHIP ENABLE 


Standby Power Down Mode (OE = VIL) 



*0D J 'ACC . 

■(TEHQZ) ^(TAVQV) 


VALID FOR 
CURRENT ADDRESS 


VALID FOR 
CURRENT ADDRESS 


Symbols in parentheses are proposed industry standard 
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PROGRAM OPERATION 


DC Electrical Characteristics and Operating Conditions (Notes 1 and 2) 

(Ta = 2B°C ±5°C) (VCC = 5V ±5%, VPP = 25V ±1V) 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

ILI 

Input Leakage Current (Note 3) 



10 

Hk 

VIL 

Input Low Level 

-0.1 


0.8 

V 

VIH 

Input High Level 

2.0 


VCC-i- 1 

V 

ICC 

VCC Power Supply Current 



100 

mA 

IPP1 

VPP Supply Current (Note 4) 



5 

mA 

IPP2 

VPP Supply Current During 
Programming Pulse (Note 5) 



30 

mA 

AC Characteristics and Operating Conditions (Notes i , 2, and s ) 

(Ta = 25°c ±5°C) (VCC = 5V ±5%, VPP = 25V ±1V) 

SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

ALTERNATE 

STANDARD 

tAS 

TAVPH 

Address Setup Time 

2 



ps 

tos 

TGHPH 

OE Setup Time 

2 



PS 

tDS 

TDVPH 

Data Setup Time 

2 




tAH 

TPLAX 

Address Hold Time 

2 



11% 

tOH 

TPLGX 

OE Hold Time 

2 



iis 

tDH 

TPLDX 

Data Hold Time 

2 



11% 

tDF 

TGHQZ 

Chip Disable to Output Float 
Delay (Note 4) 

0 

■ 

100 

ns 

tCE 

TGLQV 

Chip Enable to Output Delay (Note 4) 



120 

ns 

tpw 

TPHPL 

Program Pulse Width 

45 

50 

55 

ms 

tPR 

TPH1PH2 

Program Pulse Rise Time 

5 



ns 

tpF 

TPL2PL1 

Program Pulse Fall Time 

5 



ns 

Note 1: VCC must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to 
the device it must not be inserted into a board with power applied. 

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to +25V. 

Note 3; 0.45V< VIN < 5.25V. 

Note 4; CE/PGM = VI L, VPP = VCC + 0.6V. 

Note 5: VPP = 26V. 

Note 6: Transition times < 20 ns unless noted otherwise. 
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MM2758 


Timing Diagram 


Program Mode 


PROGRAM VERIFY 
DE'VIL 


CURRENT ADDRESS X 


DATA IN STABLE 
CURRENT ADDRESS X 


DATA DUT 
[valid ADDRESS X 


DATA IN STABLE 
ADDRESSX + 1 


L* 'os 

r*(TGHPHm 


Functional Description 

DEVICE OPERATION 

The MM2758 has 3 modes of operation in the normal 
system environment. These are shown in Table I. 


The MM2758 read operation requires that OE = VI L, 
CE/PGM = VIL and that addresses A0-A10 have been 
stabilized. Valid data will appear on the output pins 
after tACC- fOE o'" tCE ^irn®s (see Switching Time 
Waveforms) depending on which is limiting. 

Deselect Mode 

The MM2758 is deselected by making OE = VIH. This 
mode is independent of CE/PGM and the condition of 
the addresses. The outputs are Hi-Z when OE = VIH. 
This allows OR-tying 2 or more MM2716's for memory 
expansion. 


Standby Mode (Power Down) 

The MM2758 m^be powered down to the standby 
mode by making CE/PGM = VIH. This is independent of 
OE and automatically puts the outputs in their Hi-Z 
state. The power is reduced to 25% (132 mW max) 
of the normal operating power. VCC and VPP must be 
maintained at 5V. Access time at power up remains 
either t^CC ^CE (see Switching Time Waveforms). 


PROGRAMMING 

The MM2758 is shipped from National completely 
erased. All bits will be at a "1" level (output high) 
in this initial state and after any full erasure. Table II 
shows the 3 programming modes. 


TABLE I. OPERATING MODES (VCC = VPP = 5V) 


PIN NAME/NUMBER | 

CE/PGM 

OE 

OUTPUTS 

(E/P) 

(G) 


18 

20 

9-11, 13-17 

VIL 

VIL 

DOUT 

Don't Care 

VIH 

Hi-Z 

VIH 

Don't Care 

HiZ 


Read VIL VIL DOUT 

Deselect Don't Care VIH Hi-Z 

Standby VIH Don't Care Hi-Z 

TABLE II. PROGRAMMING MODES (VCC = 5V) 
I PIN NAME/NUMBER 


MODE 

CE/PGM 

(E/P) 

18 

OE 

(G) 

20 

VPP 

21 

OUTPUTS Q 
9-11, 13-17 

Program 

Pulsed VIL 
to VIH 

VIH 

25 

DIN 

Program Verify 

VIL 

VIL 

25(5) 

DOUT 

Program Inhibit 

VIL 

VIH 

25 

Hi-Z 


Symbols in parentheses are proposed industry standard 
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Functional Description (Continued) 


Program Mode 


The MM2758 is programmed by introducing "0"s into 
the desired locations. This is done 8 bits (a byte) at a 
time. Any individual address, a sequence of addresses, 
or addresses chosen at random may be programmed. 
Any or all of the 8 bits associated with an address 
location may be programmed with a single program 
pulse applied to the chip enable pin. All input voltage 
levels, including the program pulse on chip enable are 
TTL compatible. The programming sequence is: 

With VPP = 25V, VCC = 5V, ^ = VIH and ^/PGM 
= VIL, an address is selected and the desired data 
word is applied to the output pins. (VIL = "0" and 
VIL = "1" for both address and data.) After the 
address and data signals are stable the program pin 
is pulsed from VIL to VI H with a pulse width be- 
tween 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A high level 
(VIH or higher) must not be maintained longer than 
tpw(MAX) program pin during programming. 

MM2758's may be programmed in parallel with the 
same data in this mode. 

Program Verify Mode 

The programming of the MM2758 may be verified 
either 1 word at a time during the programming (as 
shown in the timing diagram) or by reading all of the 
words out at the end of the programming sequence. 
This can be done with VPP = 25V (or 5V) in either case. 

Program Inhibit Mode 

The program inhibit mode allows programming reveral 
MM2758s simultaneously with different data for each 
one by controlling which ones receive the program pulse. 
All similar inputs of the MM2758 may be paralleled. 
Pulsing the program pin (from VIL to VIH) will program 


a unit while inhibiting the program pulse to ^nit will 
keep it from being programmed and keeping OE = VIH 
will put its outputs in the Hi-Z state. 


The MM2758 is erased by exposure to high intensity 
ultraviolet light through the transparent window. This 
exposure discharges the floating gate to its initial state 
through induced photo current. It is recommended 
that the MM2758 be kept out of direct sunlight. The 
UV content of sunlight may cause a partial erasure 
of some bits in a relatively short period of time. Direct 
sunlight can also cause temporary functional failure. 
Extended exposure to room level fluorescent lighting 
will also cause erasure. An opaque coating (paint, tape, 
label, etc.) should be placed over the package window 
if this product is used under these lighting conditions. 

An ultraviolet source of 2537 A yielding a total inte- 
grated dosage of 15 watt-seconds/cm 2 is required. 
This will erase the part in approximately 15 to 20 
minutes if a UV lamp with a 12,000 /tW/cm^ power 
rating is used. The MM2758 to be erased should be 
placed 1 inch away from the lamp and no filters should 
be used. 


An erasure system should be calibrated periodically. 
The distance from lamp to unit should be maintained 
at 1 inch. The erasure time is increased by the square 
of the distance (if the distance is doubled the erasure 
time goes up by a factor of 4). Lamps lose intensity 
as they age. When a lamp is changed, the distance is 
changed, or the lamp is aged, the system should be 
checked to make certain full erasure is occurring. In- 
complete erasure will cause symptoms that can be 
misleading. Programmers, components, and system 
designs have been erroneously suspected when incom- 
plete erasure was the basic problem. 
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MM4203/MM5203 


National 

Semiconductor 


MOS EPROMs 


MM4203/MM5203 2048-Bit (256 x 8 or 512 x 4) 
UV Erasable PROM 


General Description 

The MM4203/MM5203 is a 2048-bit static read- 
only memory which is electrically programmable 
and uses silicon gate technology to achieve bipolar 
compatibility. The device is a non-volatile memory 
organized as a 256-8-bit words or 512-4-bit words. 
Programming of the memory contents is accom- 
plished by storing a charge in a cell location by 
programming that location with a 50 volt pulse. 
Separate output supply lead is provided to reduce 
internal power dissipation in the output stage 
(Vul). 

Features 

■ Field programmable 

■ Bipolar compatibility -^5V, -12V operation 

■ High speed operation 1/is max access time 


Block and Connection Diagrams 



■ Pin compatible with MM5213, MM5231 mask 
programmable ROMs 

■ Static operation — no clocks required 

■ Common data busing (TRI-STATE® output) 

■ "Q" quartz lid version erasable with short wave 
ultra-violet light (i.e. 253.7 n.m.) 

■ Chip select output control 

■ 256 X 8 or 512 X 4 organization 

Applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generator 

■ Micro-programming 


Dual-In-Line Package 



Order Number MM4203Q or MM5203Q 
See NS Package J24CQ 


Typical Applications 

256 X 8 PROM Showing TTL Interface 



Operating Modes 

256 X 8 ROM connection (shown) 

Mode Control — HIGH (Vcc) 

Ag - LOW 

512 X 4 ROM connections 

Mode Control — LOW (GND or Vqq) 

Ag — Logic HIGH enables the odd (Bi, B3..B7) outputs 

- Logic LOW enables the even 84 Bs) outputs 

The outputs are enabled when a logic LOW is applied to 
the Chip Select line. 

Programming is accomplished in 256 x 8 mode only. 
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Absolute Maximum Ratings Operating Conditions 

All Input or Output Voltages with Operating Temperature Range MM4203 

Respect to Vbb Except During Programming +.3Vto-20V MM5203 

Power Dissipation 1W 

Storage Temperature Range -65°C to 125°C 

Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics Ta within operating temperature range, 

Vss = +5V ±5%, Vq 0 = Vll “ ~12\/, ±5%, Vbb = PROGRAM = Vss unless otherwise noted. 


-55 C to 85 C 
0°C to 70°C 


I LI Input Current 

li_o Output Leakage 

Igs Power Supply Current 

V||_ Input LOWVoltage 

V|L| Input HIGH Voltage 

Vql Output LOW Voltage 

lj.p Output Clamp Current 

Vq„ Output HIGH Voltage 

Tqi^ Data Hold Time 

Tacc Access Time 

Tj-q Chip Select Time 

Tqd Chip Deselect Time 

Vo Allowable Chip Select Delay 


C|N Input Capacitance 
Cqut Output Capacitance 


CONDITIONS 


V,M=0V 

VouT =0V^ = Vss-2.0 
Ta =25°C‘^ = Vss-2.0 


1 .6 mA sink -12.6V < Vll < -3V 
Vll = -3.0V VouT = -10V (Note 8) T* = 0°C 
Vll = -12.6V Vqut = -10V (Note 8) T* = 0°C 
0.8 mA source 

(Min Access Time) Figures 1 & 2 
Ta = 25°C Figures 1 & 2 (Note 6) 

Figures 1 8i 3 
Figures 1 8r 3 
Figures 1 & 2 

Allowable delay in selecting chip after change 
of address without affecting access time. 


Vqut “ Vss * 
CS = Vs's - 2.0 


f = 1.0 MHz (Note 2) 



Programming Characteristics (see Figure 4) 

Ta = 25°C, Vss OV, Vbb = +12V ±10%, CS = OV unless otherwise noted 


CONDITIONS 


IpD Address and Data Input Load Current 
Vp Program Load Current 

I LB Vbb Supply Load Current 

*LDD *DD Supply Load Current (Note 3) 

V|Hp Input High Voltage 

V|Lp Address and Data Input Low Voltage 
Pulsed Input Low Voltage: 

Vqd, and Program, Vqlp 

Vll 

Vqq Pulse Duty Cycle 
tp,^ Program Pulse Width (Note 4) 

tp^ Data and Address Set Up Time 
tpp, Data and Address Hold Time, 

tg3 Pulsed VoD Supply Overlap, 

tg^ Pulsed Vqd Supply Overlap, 

Vqo. Program, Address, and Input Rise 
and Fall Times 


Note 1; During programming, data is always applied in the 256 x 8 mode, regardless of the logic state of Ag and MODE 
CONTROL. 

Note 2: Capacitances are not tested on a production basis but are periodically sampled. 

Note 3: loDP flows only during program period tpwp. Average power supply current I lqq is typically 15 mA at 2% duty cycle. 
Note 4: Maximum duty cycle of tpyy should not be greater than 2% of cycle time so that power dissipation is minimized. The 
program cycle should be repeated until the data reads true, then over-program three times that number of cycles (symbolized 
as X+3X programming. 

Note 5: Vll needed during programming but may be tied to VpD for convenience. 

Note 6; T/\qc “ 1000 ns + 25(N-1 ) where N is the number of chips wired-OR together. 

Note 7: Measured under continuous operation. 

Note 8: IcF flows out the Vll P'"« does not flow out the Vqq pin. 
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Access Time Diagrams 



Figure 1 



Figure 2 



Figure 3 


Program Waveforms 



Figure 4 




Operation of the MM4203/MM5203 in Program Mode 


Initially, all 2048 bits of the IV1M4203/I\/IM5203 
are in the HIGH state. Information is introduced 
by selectively programming LOWS in the proper 
bit locations. (Note 1 ) 

Word address selection is done by the same decod- 
ing circuitry used in the Read mode. The eight 
output terminals are used as data inputs to deter- 
mine the information pattern in the eight bits of 
each word. A LOW data input level (-50V) will 
leave a HIGH and a HIGH data input level will 
allow programming of a LOW. All eight bits of one 
word are programmed simultaneously by setting 
the desired bit information patterns on the data 
input terminals. The duty cycle of the Vqq pulse 
(amplitude and width as specified on page 4) 
should be limited to 2%. The address should be 
applied for at least 1 ps before application of the 
Program pulse. In programming mode, data inputs 


1-8 are pins 4-11 respectively regardless of the 
logic state of Ag and mode control. Chip select 
should be disabled (HIGH). 

Positive logic is used during the read mode for 
addresses and data out. Address 0 corresponds to 
all address inputs at V|l and address 255 iq cor- 
responds to all address inputs at V|h. A "1” or a 
P at a data output corresponds to Vqh- A "0” or 
an N at a data output corresponds to Vql- Posi- 
tive logic is also used during the programming mode 
for addresses. Address 0 corresponds to all address 
inputs at V|Lp and address 255 iq corresponds to 
all address inputs at V^p. 

Negative logic is used duringthe programming mode 
for data in. A "1" or a P at a data input corres- 
ponds to V|Lp. A "0" or an N at a data input 
corresponds to V|Hp. 



MODE 

DATA AND ADDRESS LINES 
HIGH LOW 

Vss 

Vbb 

Vdd 

PROGRAM 

CS 

Vll 

Read 

Vss - 2.0 

Vss -4.0 

+5 

Vss 

-12 

Vss 

Vss-4V 

-3V to -12V 

Program 

Vss -2.0 

Vss -40 

GND 

+ 12 

-48 

(Pulse) 

-48 

(Pulse) 

GND 

GND to -50V 



Erasing Procedure 


The MM4203Q/MM5203Q may be erased by 
exposure to short-wave ultraviolet light— 253.7 nm. 
There exists no absolute rule for erasing time or 
distance from source. The erasing equipment 
output capability should be calibrated. Establish a 
worst-case time required with the equipment. 
Then over-erase by a factor of 2, i.e., if the device 
appears erased after 8 minutes, continue exposure 
for an additional 16 minutes for a total of 24 


minutes. Examples of UV sources include the 
Model UVS-54 and Model S-2 manufactured by 
Ultra-Violet Products, Inc. (5114 Walnut Grove 
Avenue, San Gabriel, California). The lamps 
should be used without short-wave filters. The 
MM4203/MM5203 should be placed about one 
inch away from the lamp for about 20—30 
minutes. 


Preferred Tape Format 


The custom patterns may be sent in on a Telex or 
submitted as a paper tape in a 7 bit ASCII code 


from model 33 teletype or TWX. The paper tape 
should be as the following example: 


Carriage return line feed 
f allowed between F and B. 

Start Character 1 Stop Character 1 / Data Field* MSB (Pin 11) USB (Pin 4) 

Leader: Rubout for f ' ff | | \ | - Trailer: Ruboutfor 

BPPPNPPNNFBNNPPNNPPF...BNPNPNNNNF 1''' 


All Address Inputs LOW 


All Address Inputs HIGH 


•Data Field: Must have only P's or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N 
characters between B and F, Any characters except B and F may be typed between the F stop character and the B start 
character. If an error is made in preparing a tape the entire word including the B and F start and stop characters must 
be rubbed out. Data for exactly 256 words must be entered, beginning with word 0. 
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Alternate Format [Punched Tape (Note 1) or Cards] 


2 Spaces 



ba, MSB (Pin 11) 


b,, LSB (Pin 4) 


Note 3 


1 Space 


Note 4 


1 Space 


Note 1: The code is a 7-bit ASCII code on 8 punch tape. The tape 
should begin and end with 25 or more ''RUBOUT” punches. 

Note 2: The ROM input address is expressed in decimal form and is 
preceded by the letter A. 

Note 3: The total number of ”1" bits in the output word. 

Note 4: The total number of "1” bits in each output column or bit 
position. 


Typical Performance Characteristics 


Maximum Supply Current Iss 
as a Function of Temperature 



-50 -25 0 25 50 75 100 125 


Maximum Access Time (T/^ccf 
as a Function of Vqq Supply 
Voltage 



-9 -10 -11 -12 -13 


Ta (°C) 


Vdd (Volts) 






National 

Semiconductor 


MOS EPROMs 


MM4204/MM5204 4096-Bit (512 x 8) 
UV Erasable PROM 


General Description 


The MM4204/MM5204 is a 4096-bit static read only 
memory which is electrically programmable and uses 
silicon gate technology to achieve bipolar compatibility. 
The device is a non-volatile memory organized as 512 
words by 8 bits per word. Programming of the memory 
is accomplished by storing a charge in a cell location by 
applying a -50V pulse. A logic input. Power Saver, is 
provided which gives a 5:1 decrease in power when the 
memory is not being accessed. 

Features 

■ Field programmable 

■ Fast program time: ten seconds typical for 4096 bits 

■ Fast access time 

MM4204 1.25 ps 

MM5204 1 ps 

■ DTL/TTL compatibility 

■ Standard power supplies 5V, — 12V 


Static operation-no clock required 

Easy memory expansion— TRI-STATE® output Chip 

Select input (CS) 

"Q" quartz lid version erasable with short wave ultra- 
violet light (i.e., 253.7 nm) 

Low power dissipation 

“Power Saver" control for low power applications 
Compatible with SC/MP II N-channel microprocessor 


Applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generator 

■ Microprogramming 

■ Electronic keyboards 


Block and Connection Diagrams 



Dual-In-Line Package 



Order Number MM4204D 
or MIVI5204D 
See NS Package D24C 

Order Number MM4204Q 
or MM5204Q 
See NS Package J24CQ 
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Absolute Maximum Ratings 

(Notei) Operating Conditions 



All Input or Output Voltages with 

Respect to Vbb Except During Programming 

Power Dissipation 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

Operating Temperature Range 
-t0.3V to -20V MM5204 

750 mW MM4204 

-65°Cto-U25°C 
300°C 


to +70‘’C 
-55°C to +85°C 

DC Electrical Characteristics Ta within operating temperature range, V|_ 1 _ = 

0V,Vbb = 

PROGRAM = Vss, 

MM4204 

Vss = 5V ±10%, VdD “ “12V ±10%, MM5204: Vss = 5V ±5%, Vqd = ~12V ±5%, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

(Note 7) 

MAX 

UNITS 

V,L 

Input Low Voltage 



Vss-14 


Vss-4.2 

V 

V|H 

Input High Voltage 



Vss— 1.5 


Vss+0.3 

V 

Ili 

Input Current 

> 

o 

2 

> 




1.0 

ma 

VoL 

Output Low Voltage 

loL “ 1-6 mA 

Vll 


0.4 

V 

VqH 

Output High Voltage 

Iqh ~ -0.8 mA 

2.4 


Vss 

V 

Ilo 

Output Leakage Current 

^OUT “ 



1.0 

/iA 

•do 

Power Supply Current 

MM5204 

Ta = 0°C, CS = V|n, Power Saver = V|i_ 


28 

40.0 

mA 




MM4204 

Ta = 0°C, CS = V|n, Power Saver = V|l 




mA 




MM5204 

Ta = 0°C, CS = V|n, Power Saver = V|h 


6.0 

8.0 

mA 




MM4204 

Ta = 0°C, CS = V|H, Power Saver = V|h 



10.0 

mA 




MM5204 

Ta = 0°C, CS = V|H, Power Saver = Vu_ 



42 

mA 




MM4204 

Ta = O’C, CS = V|H, Power Saver = Vn_ 



52 

mA 

Iss 



MM5204 

Ta = 0°C, CS = V|H, Power Saver = Vm 



10 

mA 




MM4204 

Ta = 0°C, CS = V|n, Power Saver = V|h 



12 

mA 

AC Electrical Characteristics Ta within operating temperature range, V|_l = 

OV, VbB = 

PROGRAM = Vss, 

MM4204 

Vss ” 5V ±10%, Vqq = -12V ±10%, MIV15204: VsS “ 5V ±5%, VqD “ ~12V ±5%, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

(Note 7) 

MAX 

UNITS 

^ACC 


Access Time 









MM5204 


Ta = VfC, (Figure 1), (Note 4) 


0.75 

1.0 

US 



MM4204 


Ta = 85°C, (Figure 1). (Note 4) 



1.25 

MS 

tpo 


Power Saver Set-Up Time 








MM5204 


(Figure 1) 



1.8 

MS 



MM4204 


(Figure 1) 



2.0 

MS 

tco 


Chip Select Delay 









MM5204 


(Figure 1) 



500 

ns 



MM4204 


(Figure 1) 



600 

ns 

toH 


Data Hold Time 


(Figure 1) 

30 

50 


ns 

toDC 


Chip Select Deselect Time 








MM5204 


(Figure 1) 

30 

300 

500 

ns 



MM4204 


(Figure 1) 

30 

300 

600 

ns 

toDP 


Power Saver Deselect Time 








MM5204 


(Figure 1) 

30 

300 

500 

ns 



MM4204 


(Figure 1) 

30 

300 

600 

ns 

C|N 


Input Capacitance (All Inputs) 

V|N = Vss, f = 10 MHz, (Note 2) 


5.0 

8.0 

PF 

CoUT 


Output Capacitance 


Vqut ” CS ~ V|H* ^ “ 1.0 MHz, 


8.0 

15 

pF 



(All Outputs) 


(Note 2) 
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Programmer Electrical Characteristics 

T/\ = 25°C, Vss = CS = Power Saver = OV, Vll = OV to —14V, unless otherwise specified, (Figure 2), (Note 5). 


SyiVIBOL 

PARAMETER 

CONDITIONS 

MIN 

Ild 

Data Input Load Current 

V|M =-18V 


•ald 

Address Input Load Current 

V|N =-50V 


•lp 

Program Load Current 

V|N = -BOV 


Ilbb 

Vbb Load Current 



Ildd 

Vdd Load Current 

Vdd = PROGRAM = -BOV 


V|HP 

Address Data and Power Saver 


-2.0 


Input High Voltage 



'7|lp 

Address Input Low Voltage 


-50 


Data Input Low Voltage 


-18 

^DHP 

Vdo and Program High Voltage 


-2.0 

Vqlp 

Vqo and Program Low Voltage 


-50 

Vblp 

Vbb Low Voltage 


0 

'7bhp 

Vbb High Voltage 


11.4 

'7dd 

Pulse Duty Cycle 



tpw 

Program Pulse Width 


0.5 

tps 

Data and Address Set-Up Time 


40 

fOH 

Data and Address Hold Time 


0 

tss 

Pulsed VoD Set-Up Time 


40 

tsH 

Pulsed Vq 0 Hold Time 


1.0 

tss 

Pulsed Vbb Set-Up Time 


1.0 

Ibh 

Pulsed Vbb Hold Time 


1.0 

tpss 

Power Saver Set-Up Time 


1.0 

fpSH 

Power Saver Hold Time 


1.0 

tn . tp 

Vqo, Program. Address and Data 




Rise and Fall Time 




MAX 

UNITS 

-10 

mA 

-10 

mA 

-10 

mA 

50 

mA 

-200 

mA 

0.3 

V 

-11 

V 

-11 

V 

0.5 

V 

-48 

V 

0.4 

V 

12.6 

V 

25 

% 

5.0 

ms 


ffs 



100 

MS 


MS 


MS 


MS 


MS 


MS 

1.0 

MS 


Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Capacitance is guaranteed by periodic testing. 

Note 3: Positive true logic notation is used except on data inputs during programming 
Logic "1" = most positive voltage level 
Logic "0" = most negative voltage level 

Note 4: t^cC ” ^5 (N-1 ) where N is the number of devices wire— OR'd together. 

Note 5; The program cycle should be repeated until the data reads true, then over-programmed 5 times that number of cycles. (Symbolized as 
X -t 5X programming). 

Note 6: The EPROM is initially programmed with all "O's." A V|p|p on any data input BO— B7 will leave the stored "O's" undisturbed, and a V||_p 
on any data input BO— B7 will write a logic "1" into that location. 

Note 7: Typical values are for nominal voltages and T/^ = 25°C, unless otherwise specified. 

Erase Specification 

The recommended dosage of ultraviolet light exposure is 6W sec/cm^. 


Programming 


The MM4204/IVIM5204 is normally shipped in the un- 
programmed state. All 4096-bits are at logic "0" state. 
The table of electrical programming characteristics and 
Figure 2 give the conditions for programming of the 
device. In the program mode the device effectively 
becomes a RAM with the 512 word locations selected by 


address inputs AO— A8. Data inputs are BO— B7 and 
write operation is controlled by pulsing the Program 
input. Since the EROM is initially shipped with all "O's," 
a V|HP on any data input BO— B7 will leave the stored 
"O's" undisturbed and a VjLp on any data input BO— B7 
will write a logic "1" into that location. 
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Programming (Continued) 


National offers programmer options with both the 
1IV1P16-P and the PACE IPC-16P Microprocessor Devel- 
opment Systems. 


Microprocessor System Programmer Part Number 


1MP16-P 

IPC-16P 


IMP16-P/805 

IPC-16P/805 


Preferred Format 


Contact the local sales office for further information. 
There are also several commercial programmers available 
such as the Data I/O Model V. 

Most National distributors have programming capabili- 
ties available. Those distributors should be contacted 
directly to determine which data entry formats are 
available. 

In addition, data may be submitted to National Semi- 
conductor for factory programming. One of the follow- 
ing formats should be observed: 


The custom patterns may be sent in on a Telex or submitted as a paper tape in a 7-bit ASCII code from model 33 tele- 
type or TWX. The paper tape should be as the following example: 


Carriage return line feed 
allowed between F and B. 


TWX or letter Key BPPPNPPNNFBNNPPNNPPF...BNPNPNNNNF 
for telex (at least for telex (at least 


All Address Inputs LOW 


All Address Inputs HIGH 


*Data Field: Must have only P's or N's typed between B and F. No nulls or rubouts. Must have exactly eight P and N characters between 
B and F. Any characters except B and F may be typed between the F stop character and the B start character. If an error is made in pre- 
paring a tape the entire word including the B and F start and stop characters must be rubbed out. Data for exactly 512 words must be 
entered beginning with word 0. 


Alternate Format [Punched Tape (Note 1) or Cards] 


bj.WISB (Pin 22) 


MM5204 

Positive Logic 


bo. LSB (Pin 15) 


Anoo ' o«)nnnnnn n- 
Aooi onononnf) n 
Ano2 (nnoonnoi) 'TT' 
A 003 n mm I'M a 
A lin,, on 1 n 1 1 1 6 

Ann 5 o(»o 11100 .1 
AOn^ flOO’^Oono 0 

v )')7 ooniino A 
Aoob nnnfTTfino fi 


A5i 1 ommmi 

TB/ lAO— 

TBC 1 
TB5 .-^50 
TB4 400 

TB3 om 
TB2 mo 

TB1 299 
1 BO 1 1 9 7 


Note 1: The code is a 7-bit ASCII code on 8 punch tape. The 
tape should begin and end with 25 or more "RUBOUT" punches. 
Note 2: The ROM input address is expressed in decimal form 
and is preceded by the latter A. 

Note 3: The total number of "1" bits in the output word. 
Note 4: The total number of "1" bits in each output column or 
bit position. 


Erasing Procedure 

The MM4204Q/MM5204Q may be erased by exposure 
to short-wave ultraviolet light— 253.7 nm. There exists 
no absolute rule for erasing time or distance from 
source. The erasing equipment output capability should 
be calibrated. Establish a worse case time required with 
the equipment. Then over-erase by a factor of 2, i.e., if 
the device appears erased after 8 minutes, continue 
exposure for an additional 16 minutes for a total of 24 


minutes. Examples of UV sources include the Model 
UVS-54 and Model S-52 manufactured by Ultra-Violet 
Products, Inc. (51 14 Walnut Grove Avenue, San Gabriel, 
California). The lamps should be used without short- 
wave filters. The MM4204/MM5204 should be placed 
about one inch away from the lamp for about 20—30 
minutes. 
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AC Test Circuit 


Typical Application 


INPUT 

t 


Vss Vbb program 


A0-A8 

•typical 

MM42Q4/ 

OUTPUT 1 X 

MM5204 

B0-B7 1 ,/ 

A0-A8 

OM74QO 

''DO "U 



tACC. tQH- tCD< afid ^OD measured 
at output of MM4204/MM5204. 


)— 1 TTL^O— 

cs 


AO 

. 

MM4204/ 


MM 5204 
A8 












SAVER 


Switching Time Waveforms 



Note, All times measured with respect to 1 ,5V level with tr and tf < 20 ns 
FIGURE 1. Read Operation 


Programming Waveforms 



FIGURE 2. Programming Waveforms 
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National 

dji Semiconductor 


MOS EPROMs 


MM5204-1 4096-Bit (512 x 8) UV Erasable PROM 


General Description 

The MM5204-1 is a 4096-bit static Read Only Memory 
which is electrically programmable and uses silicon gate 
technology to achieve bipolar compatibility. The device 
is a non-volatile memory organized as 512 words by 8 
bits per word. Programming of the memory is accom- 
plished by storing a charge in a cell location by applying 
a —BOV pulse. A logic input, "Power Saver", is provided 
which gives a 5:1 decrease in power when the memory is 
not being accessed. 

Features 

■ Field programmable 

■ Fast program time: ten seconds typical for 4096 bits 

■ Fast access time 

MM5204-1 700 ns 

■ DTL/TTL compatibility 

■ Standard power supplies 5V, — 12V 


■ Static operation— no clock required 

■ Easy memory expansion— TRI-STATE® output Chip 
Select input (CS) 

■ "Q" quartz lid version erasable with short wave ultra- 
violet light (i.e., 253.7 nm) 

■ Low power dissipation 

■ "Power Saver" control for low power applications 

■ Compatible with SC/MP II N-channel microprocessor 

Applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generator 

■ Microprogramming 

■ Electronic keyboards 


Block and Connection Diagrams 


Dual-ln-Line Package 



Order Number MM5204Q-1 
See NS Package J24CQ 
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Absolute Maximum Ratings (Notei> 


All Input or Output Voltages with 

Respect to Vgg Except During Programming -r0.3V to —20V 

Power Dissipation 750 mW 

Storage Temperature Range -65°C to +125°C 

Lead Temperature (Soldering, 10 seconds) 300°C 





DC Electrical Characteristics 





Ta = 0°C, to ■(■70°C, Vll “ OV, VgB = PROGRAM = Vss. V$S = 5V ±5%, Vqd = -12V ±5%, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 
(Note 2) 

MAX 

UNITS 

V|L 

Input Low Voltage 


Vss-14 


Vss-4.2 

V 

V|H 

Input High Voltage 


Vss-1-5 


Vss+0.3 

■ V 

ILI 

Input Current 

> 

o 

II 

z 

> 



1.0 

pA 

' VoL 

Output Low Voltage 

lOL ~ 1-6 TiA 

Vll 


0.4 

V 

Vqh 

Output High Voltage 

•oh = -0-8 mA 

2.4 


Vss 

V 

Ilo 

Output Leakage Current 

VouT=0V,^=V|h 



1.0 

pA 

Idd 

Power Supply Current 

Ta = 0“C, V|H, 

Power Saver = V|l 
P ower Saver = V(h 


28 

6.0 

40.0 

8.0 

mA 

mA 

iss 

Vss Current 

Ta= 0°C, ^ = V|H 

Power Saver = V|l 
P ower Saver = V||-| 



42 

10 

mA 

mA 

AC Electrical Characteristics 





Ta = 0°C to +70°C, Vll ^ OV, Vbb ~ program = Vss. Vss - 5V ±5%, Vdq = -12V ±5%, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 
(Note 2) 

MAX 

UNITS 

tACC 

Access Time 

Ta = 70°C, (Figure 1) 



700 

ns 

tpo 

Power Saver Set-Up Time 

(Figure 1) 



1.4 

MS 

too 

Chip Select Delay 

(Figure 1) 



250 

ns 

tOH 

Data Hold Time 

(Figure 1) 

30 

50 


ns 

tODC 

Chip Select Deselect Time 

(Figure 1) 

30 

200 

500 

ns 

tODP 

Power Saver Deselect Time 

(Figure 1) 

30 

200 

500 

ns 

C|N 

Input Capacitance (All Inputs) 

V|N = Vss. f = 1-0 MHa (Note 3) 


5.0 

8.0 

pF 

COUT 

Output Capacitance 
(All Outputs) 

V0UT=VsS.^=V|H.f= 1.0 MHz, 
(Note 3) 


8.0 

15 

pF 

Note 1:"Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range " they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Typical values are for nominal voltages and Ty^ = 25°C, unless otherwise specified. 

Note 3: Capacitance is guaranteed by periodic testing. 
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AC Test Circuit Typical Application 



Switching Time Waveforms 

VlH 

ADDRESS 

V|l 
V|H 

POWER SAVER 

V|l 

''IH 

CHIP SELECT 

V|L 
V|H 

DATA OUT 

V|L 

Note. All times measured with respect to 1 ,5V level with tp and tf < 20 ns 
FIGURE 1. Read Operation 

Programming Information 

Refer to the MM4204/IVIM5204 data sheet for programming information. 
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National 

Semiconductor 


MOS EPROMs 

ADVANCE INFORMATION 


NMC2532 32k-Bit(4k x 8) UV Erasable PROM 


General Description 

The NMC2532 Is a 32,768-bit EPROM operating from a 
single 5V power supply. This device Is an ultraviolet 
erasable, electrically programmable, read only memory 
fabricated using National’s high speed, low power, silicon 
gate technology. 

This device is deselected when pin 20 Is high and automat- 
ically placed In the standby mode. This mode provides an 
85% reduction In power with no Increase in access time. 

Bits may be programmed at random. In sequence or sin- 
gly. Typical erasure time is 20 minutes using a 12 mW/cm^ 
ultraviolet lamp. 


Features 

■ SingleSVpowersupply 

■ 450 ns max access time 

■ Low power. 

Active — 160 mA max 
Standby — 25 mA max 

■ Fully static 

■ TRI-STATE® output 

■ Alll/OpinsTTLcompatible 

■ Pin compatible with existing EPROMs and ROMs 

■ Single location programming 


Block and Connection Diagrams' 

GND 

VCC VPP (VSS) 

i i i 


AO-All 

ADDRESS 

INPUTS 


Modes* 


DATA OUTPUTS 
0)-08(ai-Q8) 




Pin Name/Number 

Mode 

PD/PGM 

(S/P) 

20 

VPP 

21 

VCC 

24 

Outputs 
9-11, 13-17 

Read 

VIL 

5V 

5V 

DOUT 

Standby 

VIH 

5V 

5V 

Hi-Z 

Program 

Pulsed VIH 
to VIL 

25V 

5V 

DIN 

Program Verify 

VIL 

5V 

5V 

DOUT 

Program Inhibit 

VIH 

25V 

5V 

Hi-Z 



Dual-ln-Line Package 



Order Number NMC2532Q 
See NS Package J24CQ 


Pin Names* 

PD/P^(S/P) 

A0-A11 


Power Down (Chip Select) 
Address Inputs 


0i- 08(Q1-Q8) Data Outputs 


VPP 

VCC 

GND (VSS) 


Program Power (25V) 
Power (5V) 

Ground 


> Symbols in parentheses are proposed Industry standard. 
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Absolute Maximum Ratings (Note d 

Temperature under Bias 
Storage Temperature 
All Inputand Output Voltages 
with Respect to VSS During Read 
VPP Supply Voltage with Respect 
toVSS During Programming 
Power Dissipation 

Lead Temperature (Soldering, 1 0 seconds) 


-10°Cto +80°C 
-65°Cto +125°C 
+ 6Vto-0.3V 

+ 26.5V to -0.3V 

1.5W 

300“C 


READ OPERATION 

DC Operating Characteristics (Note 2) 

TA = O'C to 70°C, VCC = 5V ± 5% , VSS = OV, VPP = VCC ± 0.6V (Note 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ILI 

Input Load Current 

VIN= 5.25V 



10 

fiA 

ILO 

Output Leakage Current 

VOUT = 5.25V 



10 


ICC1 

VCC Current Standby 

PD/P^(S/P) = VIH 


15 

25 

mA 

ICC2 

VCC Current Active 

PD/P^(S/P) = V1L 


85 

160 

mA 

VIL 

Input Low Voltage 


-0.1 


0.65 

n 

VIH 

Input High Voltage 


2.2 


VCC-H 

n 

VOL 

Output Low Voltage 

IOL = 2.1 mA 



0.45 

V 

VOH 

Output High Voltage 

10H= -400,tA 

2.4 



V 

IPP1/IPP2 

VPP Standby/Active Current 




300 

frA 


AC Characteristics TA = 0»C to 70°C, VCC = SV ± 5 % , VSS = OV, VPP = VCC ± O.ev (Note 3) 


. Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

Alternate 

standard 

*ACC 

TAVCV 

Address to Output Valid 

PG/P^ = VIL 


450 

ns 

Upr 

TSLQV 

Select to Output Valid 



450 

ns 

tpxz 

TSHQZ 

Select to Output Hi-Z 


0 

100 

ns 

^PVX 

TAXQX 

Address to Output Hold 


0 

1 

ns 


AC Test Conditions 

Output Load: 1 TTL gate and CL = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
Inputs 1Vand2V 
Outputs 0.8V and 2V 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of "Recommended DC Operating Conditions” provides con- 
ditions for actual device operation. 

Note 2: Typical values are forTA = 25°C and nominal supply voltages. 

Notes: VPPcanbetieddirectlyfoVCCfexcept during programming). 

Note 4: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV. Capacitance Is guaranteed by periodic 
testing. 


Capacitance (Note 4) ta = 25°c, f = i mhz 


Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

CIN 

Input Capacitance 

VIN=0V 

4 

6 

pF 

COUT 

Output Capacitance 

VOUT = 0V 

8 

12 

pF 




















































































Switching Time Waveforms^ 


Read Cycle 


, tpvx . 

' (TAXQX) 


tACC 

(TAVQV)' 


■*APR 

(TSLQV) 'PXZ - 

liSLUv; (tsHQZ) 


Standby Power Down Mode 



‘PXZ ^ tACC 

(TSHQZ) ^(TAVQV) 


OUTPUT VALID FOR 

CURRENT ADDRESS 


VALID FOR 
CURRENT ADDRESS 


‘Symbols in parentheses are proposed Industry standard. 
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PROGRAM OPERATION 

DC Characteristics ta = 25°c ± 5*c, vcc = sv ± 5 %, vpp= 2 sv ± 1 v 


Conditions 


VIN = VILorVIH 


IOL = 2.1 mA 


IOH= -400/xA 


Symbol 

Parameter 

ILI 

Input Current All Inputs 

VOL 

Output Low Voltage During Verify 

VOH 

Output High Voltage During Verify 

ICC 

VCC Supply Current 

VIL 

Input Low Level All Inputs 

VIH 

Input High Level All Inputs Except VPP 

IPP 

VPP Supply Current 



PD/PGM (S/P) = VIL 


AC Characteristics ta=25‘’c±5"c, vcc=5v±5% 


Symbol 


Alternate 

Standard 


^SUA 

TAVPL 

Address Set-Up Time 

tsUD 

TDVPL 

Data Set-Up Time 

tsuvpp 

TVPPHPL 

VPP Set-Up Time 

twPR 

TPLPH 

Program Pulse Width 

^HD 

TPHDX 

Data Hold Time 

*HVPP 

TPHVPPL 

VPP Hold Time 

^HPR 

TVPPLPL 

VPP Recovery Time 

Upr 

TSLCV 

Select to Output Valid 

^HA 

TSHAX 

Address Hold Time 

tpxz 

TSHCZ 

Select to Output Hi-Z 
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Functional Description 


DEVICE OPERATION 

The NMC2532 has two modes of operation in the normal 
system environment. These are shown in Tabie I. 

TABLE I. OPERATING MODES (VCC = 5V)* 


Pins 

PD/PGM 

(S/P) 

20. 

ICC Max 

Outputs 

Mode 

24 

9-11, 13-17 

Read 

VIL 

160 mA 

DOUT 

Standby 

VIH 

25 mA 

Hi-Z 


The NMC2532 read operation requires that PD/PGM = ViL 
and that addresses A0-A11 have been stabiiized. Valid 
data wiii apear on the output pins after t^cc O’’ Upr times 
(see Switching Time Waveforms) depending on which is 
iimiting. 

Standby Mode 

The NMC2532 is piaced in the standby mode (deseiected 
and powered down) by making PD/PGM = VIH. This auto- 
maticaliy controis the outputs to their Hi-Z state. The 
power dissipation is reduced to 15% of the normal 
operating power. VCC must be kept at 5V. Access time at 
power up (chip seiection) remains either t^cc or tAPR (see 
Switching Time Waveforms). 

PROGRAMMING 

The NMC2532 is shipped from National completely 
erased. All bits will be at a “1” level (outputs high) in this in- 
itial state after any full erasure. Table II shows the three 
programming modes. 

TABLE II. PROGRAMMING MODES (VCC = 5V)* 


Pins 

PD/PGM (S/P) 

VPP 

Outputs 

Mode 

20 

18 

9-11,13-17 

Program 

VIL 

25V 

DIN 

Program Verify 

VIL 

5V 

DOUT 

Program Inhibit 

VIH 

25V 

Hi-Z 


Program Mode 

The NMC2532 is programmed by placing “0”s into the de- 
sired locations. This is done 8 bits (a byte) at a time. Any in- 
dividual address, a sequence of addresses, or addresses 
chosen at random may be programmed. Any or all of the 8 
bits associated with an address location may be pro- 
grammed wjth a single program pulse applied to the 
PD/PGM (S/P) pin. All in put v oltage levels, including the 
program pulse on the PD/PGM pin areTTLcompatible.The 
programming sequence is: 

With the VPP pin at 25V and VCC = 5V, an address is 
selected and the desired data word is applied to the out- 
put pins (VIL = “0” and VIH = “1” for both address and 


dat a). Af ter the address and data signals are stable the 
PD/PGM pin is pulsed from VIH to VIL with a pulse 
width between 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A low level, VIL or 
lower m ust not be maintained steady state (DC signal) on 
the PD/PGM pin during programming. Several NMC2532s 
may be programmed in parallel (the same data in each 
one) in this mode. 

Program Verify 

The programming of the NMC2532 may be verified, either 
one word at a time during the programming (as shown in 
the timing diagram) or by reading all of the words out at the 
end of the programming sequence. 

Program Inhibit 

The program inhibit mode allows programming several 
NMC2532S In parallel with different data for each one by 
controlling which ones receive the program p ulse . All 
similar inputs may be paralleled. Pulsing the PD/PGM pin 
from VIH to VIL on a selected unit or units will cause pro- 
gramming, while inhibiting the PD/PGM pulse will inhibit 
programming and keep the outputs of the inhibited 
devices in the Hi-Z state. 

ERASURE PROCEDURE 

The NMC2732 is erased by exposure to high intensity ul- 
traviolet light through the transparent window. This expo- 
sure discharges the floating gates to their initial state 
through induced photo current. It is recommended that 
this device be kept out of direct sunlight. The UV content 
of sunlight may cause the a partial erasure of some bits in 
a relatively short period of time. Direct sunlight (any in- 
tense light) can cause temporary functional failure due to 
generation of photo current. Extended exposure to room 
level fluorescent lighting will also cause erasure. An 
opaque coating (paint, tape, label etc.) should be placed 
over the package window if this product is to be operated 
under these lighting conditions. 

An ultraviolet source of 2537A yielding a total integrated 
dosage of 15 Watt-seconds/cm^ is required. This will erase 
a unit in approximately 15 to 20 minutes when a UV lamp of 
a 12 mW/cm2 power rating is used. The NMC2532 to be 
erased should be placed one inch away from the lamp and 
no filters should be used. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one 
inch. The erasure time increases as the square of the 
distance. (If distance is doubled the erasure time in- 
creases by a factor of 4.) Lamps lose intensity as they age. 
When a lamp is changed, the distance has changed or the 
lamp has aged, the system should be checked to make 
certain full erasure is occurring. Incomplete erasure will 
cause symptoms that can be misleading. Programmers, 
components, and even system designs have been er- 
roneously suspected when incomplete erasure was the 
problem. 


* Symbols In parentheses are proposed Industry standard. 
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NMC2564 


^ Semiconductor 

NMC2564 64k-Bit (8k x 8) UV Erasable PROM 


MOS EPROMs 

PREVIEW 


General Description 


The NMC2564 is a 65,536-bit EPROM operating from a 
singie 5V power suppiy. This device is an ultraviolet 
erasable, electrically programmable, read only memory 
fabricated using Nationai’s high speed,.iow power, siiicon 
gate technology. 

This device is deseiected when pin 20 is high and 
automaticaily placed in the standby mode. This mode pro- 
vides an 85% reduction in power with no increase in 
access time. 

Bits may be programmed at random, in sequence or singly. 
Typical erasure time is 20 minutes using a 12 mW/cm^ 
uitravioiet iamp. 


Block and Connection Diagrams^ 

GND 

VCC VPP (VSS) 

I I i 


Features 

■ Single 5V power supply 

■ 450 ns max access time 

■ Low power: 

Active — 200 mA max 
Standby — 30 mA max 

■ Fully static 

■ TRI-STATE® output 

■ All I/O pins TTL compatible 

■ Pin compatible with the 2516 and 2532 EPROMs 

■ Separate chip selects for multiple bus systems 

■ Single location programming 


Dual-ln-Une Package 


DATA OUTPUTS 
(Q1-Q8)0l-0s 


5V 25V GND 


CONTROL 

LOGIC 

► 

► 

OUTPUT BUFFERS 

' r 


Y 

DECODER 

► 

• 

• 

► 

YCATING 

X 

DECODER 

► 

• 

• 

• 

• 

• 

► 

32.768 BIT 
CELL MATRIX 


Modes 





Pin Name/Number 



Mode 

VCC 

26,28 

VPP 

1 

PD/P5M 

(S/P) 

22 

C5T 

(St) 

2 

CS2 

(S2) 

27 

Outputs 
(Q1-Q8) 
11-13, 15-19 

Read 

5 

5 

VIL 

VIL 

VIL 

DOUT 

Deselect 

5 

5 

VIL 

VIH 

X 

Hi-Z 

Deselect 

5 

5 

VIL 

X 

VIH 

Hi-Z 

Standby 

5 

5 

VIH 

X 

X 

Hi-Z 

Program Inhibit 

5 

25 

VIH 

X 

X 

DIN 

Program Inhibit 

5 

25 

x 

VIH 

X 

DIN 

Program Inhibit 

5 

25 

x 

X 

VIH 

DIN 

Program 

5 

25 

Pulsed VIH 
to VIL 

VIL 

VIL 

DIN 



PD/PGM (S/P) 
A0-A12 


Power Down (Chip Seiect) 
Address Inputs 


O^-Og (01-08) Data Outputs 


VPP 

VCC 

GND (VSS) 


Program Power (-t- 25V) 
Power (-1-5V) 

Ground 


X = don’t care 

* Symbols in parentheses are Industry standard 








National 

Semiconductor 


MOS EPROMs 

PREVIEW 


NMC27C16 16,384-Bit (2048 x 8) UV Erasable CMOS PROM 


General Description 

The NMC27C16 is a high speed 16k UV erasable and 
electrically reprogrammable EPROM ideally suited for 
applications where fast turn-around and pattern experi- 
mentation are important requirements. 

The NMC27C16 is packaged in a 24-pin dual-in-line 
package with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written into the 
device by following the programming procedure. 

This ERPOM is fabricated with the reliable, high volume, 
time proven, CMOS silicon gate technology. 


Features 

■ 2048 X 8 organization 

■ Low power during programming 

■ Access time— 450 ns 

■ Single 5V power supply 

■ Static— no clocks required 

■ Inputs and outputs TTL compatible during both read 
and program modes 

■ TRI-STATE® output 


Block and Connection Diagrams' 


VPP + 5V 
VCC + 5V 
VSS GNO 


DATA OUTPUTS (PROGRAM INPUTS) 
Ofl-O; (O0-Q7) 




Dual-ln-Line Package 


A7 — 

U 

— VCC 

A6-^ 


ilAS 

A5-i 


i^AO 



— VPP 

A3-5- 


— OE(G) 

A2 — 


— AtO 

A1 — 


— CE/PGM (E/P) 

AD — 


— O 7 IQ 7 ) 

0„(0D)— 


— Ob ( 06) 

0, (Q1)-^ 


— 0b(Q5) 

02 (02)— 


14 

— O4 (Q4) 

12 

VSS — 


—03(03) 


Pin Connection During Read or Program 




Pin Name/Number 


Mode 

CE/PGM 

(BP) 

18 

OE 

(G) 

20 

VPP 

21 

VCC 

24 

Outputs 
9-11, 13-17 

Read 

VIL 

VIL 

5 

5 

DOUT 

Program 

Pulsed VIL 
toVIH 

VIH 

25 

5 

DIN 


‘Symbols in parentheses are proposed industry standard. 


Pin Names 


A0-A1O 

Oo-07(QO_-Q7) 

CE/PGM(E/P) 

OE(G) 

VPP 

VCC 

VSS 


Addres Inputs 

Data Outputs 

Chip Enable/Program 

Output Enable 

Read 5V, Program 25V 

Power 5V 

Ground 


NMC27C16 







NMC27C16 


Absolute Maximum Ratings (Note i) 


Temperature Under Bias 
Storage Temperature 
VPP Supply Voltage with Respect 
to VSS 

All Input orOutput Voltages with 
Respect to VSS (except VPP) 

Power Dissipation 

Lead Temperature (Soldering, 10 seconds) 


-25°Cto +85°C 
-65°Cto +125°C 
26.5V to -0.3V 

VCC + 0.3Vto -0.3V 


READ OPERATION 


DC Operating Characteristics ta=o°c to +7o°c, vcc=5v±5%, (vcc=5v±io% tor 

NMC27C16-1), VPP = VCC ± 0.6V (Note 3), VSS = OV, unless otherwise noted. 


Symbol 

Parameter 

ILt 

Input Current 

ILO 

Output Leakage Current 

IPP1 

VPP Supply Current 

ICC1 

VCC Supply Current (Standby) 

ICC2 

VCC Supply Current (Active) 

VIL 

Input Low Voltage 

VIH 

Input High Voltage 

VOH 

Output High Voltage 

VOL 

Output Low Voltage 


Conditions 


V1N = 5.25V or VIN = VIL 


VOUT = 5.25V, CE/PGM = 5V 


VPP = 5.85V 


CE/PGM = VIH,OE = VIL 


CE/PGM = OE = VIL 


IOH= -400 


IOL = 2.1 mA 



AC Characteristics (Note 2) TA = 0°C to +70°C, VCC = 5V±5%, (VCC = 5V±10% tor NMC27C16-1), 
VPP = VCC ± 0.6V (Note 3), VSS = OV, unless otherwise noted. 


Symbol 


Alternate Standard 



NMC27C16 INMC27C16-1 INMC27C16-2 


ISffilESMlEu!iBZi9B^3EI3 



TGLQV Output Enable to Output Delay 


TGHQZ Output Enable High to Output Hi-Z CE/PGM = VIL 


TAXQX Address to Output Hold 


TEHQZ CEto Output Hi-Z 


CE/PGM = OE = VIL 


OE = VIL 


Capacitance ta=25°c, t=i mhz 


Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

AC Test Conditions 

Cl 

Input Capacitance 

VIN = 0V 

4 

6 

PF 

Output Load; 1 TTLgateandCL = 100 pF 

CO 

Output Capacitance 

VOUT = 0V 

8 

12 

PF 

Input Rise and Fall Times: <20 ns 


Note 1:‘‘Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Typical conditions are for operation at: TA = 25°C, VCC = 5V, VPP = VCC, and VSS = OV. 

Note 3: VPP may be connected to VCC except during program. The ± 0.6V tolerance allows a circuit to switch VPP between the read voltage and 
the program voltage. 

Note4: Capacitance is guaranteed by periodic testing. TA = 25°C, f = 1 MHz. 
































































































Switching Time Waveforms * 


Read Cycle (CE/PGM = VIL) 


OUTPUT ENABLE 



Read Cycle (OE = VIL) 


CHIP ENABLE 



VALID 

^ VALID 



L*_ *0H 

' (TAXQX)^ 



\ 

/ 




Urn *CE too 

tflnn I (TELQV) (TEHQZ)~*^ 




I - tTAVnui ^ I 




CHIP ENABLE 


Standby Power Down Mode (OE = VIL) 



OUTPUT VALID FOR 

CURRENT ADDRESS 


,’OD J *ACC . 

(TEHQZ) *^{TAVQV) 


VALID FOR 
CURRENT ADDRESS 


' Symbols in parentheses are proposed Industry standard. 
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PROGRAM OPERATION 


DC Electrical Characteristics and Operating Conditions (Notes 1 and 2) 

(TA = 25°C ± 5°C) (VCC = 5V ± 5%, VPP = 25V ± 1 V) 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

ILI 

Input Leakage Current (Note 3) 



10 

/lA 

VIL 

Input Lo\w Level 

-0.1 


0.8 

V 

VIH 

Input High Level 

2.0 


VCC-P1 

V 

ICC 

VCC Power Supply Current 



100 

mA 

IPP1 

VPP Supply Current (Note 4) 



5 

mA 

IPP2 

VPP Supply Current During 
Programming Pulse (Note 5) 



30 

mA 


AC Characteristics and Operating Conditions (Notes i, 2, and 6) 

(TA = 25°C ± 5°C) (VCC = 5V ± 5% , VPP = 25V ± IV) 


Symbol 


Alternate 


Standard 

TAVPH 


Parameter 


Address Set-up Time 


Min 


Typ 


Max 


Units 


^lS 


tos 


TGHPH 


OE Set-up Time 


/IS 


TDVPH 


Data Set-up Time 


/IS 


TPLAX 


Address Hold Time 


/IS 


TPLGX 


OE Hold Time 


/IS 


TPLDX 


Data Hold Time 


/IS 


TGHQZ 


Chip Disable to Output Float 
Delay (Note 4) 


130 


TGLQV 


Chip Enable to Output Delay (Note 4) 


150 


TPHPL 


Program Pulse Width 


45 


50 


55 


TPH1PH2 


Program Pulse Rise Time 


TPL2PL1 


Program Pulse Fall Time 


Note 1: VCC must be applied at the same time or before VPP and removed alteror at thesame time as VPP. To prevent damage to the device it must not be in- 
serted into a board with power applied. 

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to + 25V. 

Notes: 0.45V<VIN<5.25V 
Note 4; CE/PGM = VIL, VPP = VCC 
Note 5: VPP = 26V 

Note 6: Transition times«20 ns unless noted otherwise. 
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Timing Diagram^ 


Program Mode 



PRnnRAM pnnr.RAM vFRiFv 



Functional Description 

DEVICE OPERATION 

The NMC27C16 has 3 modes of operation in the normal 
system environment. These are shown in Table I. 

Read Mode 

The NMC27C16 read operation requires that 0E = V1L, 
CE/PGM = VIL and that addresses A0-A10 have been sta- 
bilized. Valid data will appear on the output pins after tAcc> 
toE or tcE times (see Switching Time Waveforms) depend- 
ing on which is limiting. 


Standby Mode (Power Down) 

The NMC27C16 may be powered down to the stand^ 
mode by making CE/PGM = VIH. This is independent of OE 
and automatically puts the outputs in their Hi-Z state. The 
power is reduced to 25% (132 mW max) of the normal 
operating power. VCC and VPP must be maintained at 5V. 
Access time at power up remains either tAcc or tcE (see 
Switching Time Waveforms). 


Deselect Mode 

The NMC27C16 is deselected by making OE = VIH. This 
mode is independent of CE/PGM and the condition of the 
addresses. The outputs are Hi-Z when OE = VIH. This 
allows OR-tying 2 or more NMC27C16’s for memory 
expansion. 


PROGRAMMING 

The NMC27C16 is shipped from National completely 
erased. All bits will be at a “1” level (output high) in this 
initial state and after any full erasure. Table II shows the 3 
programming modes. 


TABLE I. OPERATING MODES (VCC = VPP = 5V) 


Mode 

Pin Name/Number 

CE/PGM 

(BP) 

18 

OE 

(G) 

20 

Outputs 
9-11, 13-17 

Read 

VIL 

VIL 

DOUT 

Deselect 

Don’t Care 

VIH 

Hi-Z 

Standby 

VIH 

Don’t Care 

Hi-Z 


TABLE II. PROGRAMMING MODES (VCC = 5V) 



Pin Name/Number 

Mode 

CE/PGM 

(E/P) 

18 

OE 

(G) 

20 

VPP 

21 

Outputs Q 
9-11, 13-17 

Program 

Pulsed VIL 
to VIH 

VIH 

25 

DIN 

Program Verify 

VIL 

VIL 

25(5) 

DOUT 

Program Inhibit 

VIL 

VIH 

25 

Hi-Z 


* Symbols In parentheses are proposed industry standard 
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NMC27C16 


Functional Description (Continued) 

Program Mode 

The NMC27C16 is programmed by introducing "0”s into 
the desired locations. This is done 8 bits (a byte) at a time. 
Any individual address, a sequence of addresses, or ad- 
dresses chosen at random may be programmed. Any or all 
of the 8 bits associated with an address location may be 
programmed with a single program pulse applied to the 
chip enable pin. All input voltage levels, including the pro- 
gram pulse on chip enable are TTL compatible. The pro- 
gramming sequence is: 

With VPP = 25V, VCC = 5V, OE = VIH and ^/PGM = VIL, 
an address is selected and the desired data word is ap- 
, plied to the output pins. (VIL =“0” and VIL = “1” for both 
address and data.) After the address and data signals 
are stable the program pin is pulsed from VIL to VIH 
with a pulse width between 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left opmn. A high level (VIH or 
higher) must not be maintained longerthan tpw(MAX)°n the 
program pin during programming. NMC27C16s may be 
programmed in parallel with the same data in this mode. 

Program Verify Mbde 

The programming of the NMC27C16 may be verified either 
1 word at a time during the programming (as shown in the 
timing diagram) or by reading all of the words out at the 
end of the programming sequence. This can be done with 
VPP = 25V (or 5V) in either case. 


Program Inhibit Mode 

The program inhibit mode allows programming several 
NMC27C16S simultaneously with different data for each 
one by controlling which ones receive the program pulse. 
All similar inputs of the NMC27C16 may be paralleled. 
Pulsing the program pin (from VIL to VIH) will program a 


unit while inhibiting the program pulsejo a unit will keep it 
from being programmed and keeping OE = VIH will put its 
outputs in the Hi-Z state. 


The NMC27C16 is erased by exposure to high intensity ul- 
traviolet light through the transparent window. This expo- 
sure discharges the floating gate to its initial state 
through induced photo current. It is recommended that 
the NMC27C16 be kept out of direct sunlight. The UV con- 
tent of sunlight may cause a partial erasure of some bits in 
a relatively short period of time. Direct sunlight can also 
cause temporary functional failure. Extended exposure to 
room level fluorescent lighting will also cause erasure. An 
opaque coating (paint, tape, label, etc.) should be placed 
over the package window if this product is to be operated 
under these lighting conditions. 


An ultraviolet source of 2537A yielding a total integrated 
dosage of 15 watt-seconds/cm^ is required. This will erase 
the part in approximately 15 to 20 minutes if a UV lamp 
with a 12,000 /iW/cm^ power rating is used. The NMC27C16 
to be erased should be placed 1 inch away from the lamp 
and no filters should be used. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at 1 inch. 
The erasure time is increased by the square of the dis- 
tance (if the distance is doubled the erasure time goes up 
by a factor of 4). Lamps lose intensity as they age. When a 
lamp is changed, the distance is changed, or the lamp is 
aged, the system should be checked to make certain full 
erasure is occurring. Incomplete erasure will cause symp- 
toms that can be misleading. Programmers, components, 
and system designs have been erroneously suspected 
when incomplete erasure was the basic problem. 
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National 

Semiconductor 


MOS EPROMs 

PRELIMINARY 


NMC2724 16k-Bit (2k x 8) UV Erasable PROM 


General Description 

The NMC2724 is a 16,384-bit EPROM operating from a 
singie 5V power supply. This device is an ultraviolet 
erasable, electrically programmable, read only memory 
fabricated using National's high speed, low power, silicon 
gate technology. 

This device is deselected when pin 18 is high and automat- 
ically placed in the standby mode. This mode provides an 
80% reduction in power with no increase in access time. 
The NMC2724 has an output enable control to eliminate 
bus contention in microprocessor systems. 

Bits may be programmed at random, in sequence or sin- 
gly. Typical erasure time is 20 minutes using a 12 mW/cm^ 
ultraviolet lamp. 


Features 

■ Single 5V power supply 

■ 450 ns max access time 

■ Low power: 

Active— 150 mA max 
Standby— 30 mA max 

■ Fullystatic 

■ TRI-STATE® output 

■ AIII/OpinsTTLcompatible 

■ Pin compatible with existing EPROMs and ROMs 

■ Output enable control 


Block and Connection Diagrams' 


GND 

VPP (VSS) 


I I i 


DATA OUTPUTS 
O 0 -O 7 (Q1-Q8) 


0J/VPP(G/VPP) 

CE(E) 


A0-A10 

ADDRESS 

INPUTS 


Modes* 


Mode 

Pin Name/Number 

CE 

(E) 

18 

OE/VPP 

(G/VPP) 

20 

VCC 

24 

Outputs 
9-11, 13-17 

Read 

VIL 

VIL 

5V 

DOUT 

Standby 

VIH 

Don’t Care 

5V 

Hi-Z 

Program 

VIL 

25V 

5V 

DIN 

Program Verify 

VIL 

VIL 

5V 

DOUT 

Program Inhibit 

VIH 

25V 

5V 

Hi-Z 


* Symbols in parentheses are proposed Industry standard. 
1NMC2724A, AR< VIL for all operating modes. 
NMC2724B, AR> VIH for all operating modes. 



DuaMn-Line Package 


AO ' 

Oo(Ql) — 
10 

0l(Q2) — 
02(03) — 
GNDIVSS) ■ 


ARt 

— 0l/VPP(S/VPP) 

— AID 

— CE(E) 

17 

— 07(081 

— 06 ( 07 ) 

— 05(06) 

14 

— 04(05) 

0j(04) 


Order Number NMC2724Q-A 
or NMC2724Q-B 
See NS Package J24CQ 
Pin Names* 


^(E) 

OE(G) 

A0-A10 


Chip Enable 
Output Enable 
Address Inputs 


Oo-OyfQI-QB) Data Outputs 


VPP 

VCC 

GND (VSS) 
AR 


Program Power 25V 
Power 5V 
Ground 

Select Reference 
Input Level 
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Absolute Maximum Ratings (Note i) 

Temperature under Bias -ICC to +80°C 

Storage Temperature -es^Cto + 125°C 

All Input and Output Voltages + 6V to - 0.3V 

with Respect to VSS During Read 

VPP Supply Voltage with Respect + 26.5V to - 0.3V 

to VSS During Programming 

Power Dissipation 1.5W 

LeadTemperature(Soldering,10seconds) ‘ > 300°C 

READ OPERATION 


DC Operating Characteristics (Note 2) ta = o*c to 7 o°c, vcc = sv ± 5%, vss = ov 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ILM 

Input Load Current 

VIN = 5.25V 



10 

/rA 

ILI2 

OE/VPP Input Load Current 

VIN = 5.25V 



300 

aA 

ICC1 

VCC Current Standby 



15 

30 

mA 

ICC2 

VCC Current Active 

OE = CE = VIL 


85 

150 

mA 

VIL 

Input Low Voltage 


-0.1 


0.8 

V 

VIH 

Input High Voltage 


2.0 • 


VCC-fl 

V 

VOL 

Output Low Voltage 

IOL = 2.1 mA 



0.45 

V 

VOH 

Output High Voltage 

IOH= -400^A 

2.4 



V 


AC Characteristics ta = o°c to 7 o°c, vcc = 5 v ± 5%, vss = ov 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Alternate 

standard 

'acc 

TAVQV 

Address to Output Valid 

CE = OE = VIL 



450 

ns 

'CE 

TELQV 

CE to Output Delay 

—I 

> 

II 

|UJ 

b 



450 

ns 

foE 

TGLQV 

Output Enable to Output Delay 

CE = VIL 



120 

ns 

foF 

TGHQZ 

Output Enable High to Output Hi-Z 

CE = VIL 

0 


100 

ns 

toH 

TAXQX 

Address to Output Hold 

CE = OE = VIL 

0 



ns 

tpF 

TEHQZ 

CE(E) to Output Hi-Z 

OE = VIL 

0 


100 

ns 


Capacitance (Note 3 ) ta = 25°c, t = 1 mhz 


Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

CIN1 

Input Capacitance Except OE/VPP 
(G/VPP) 

VIN=0V 

4 

6 

pF 

CIN2 

OE/VPP (G/VPP) Input Capacitance 

VIN=0V 


20 

pF 

CCUT 

Output Capacitance 

VOUT = 0V 


12 

pF 


AC Test Conditions 

Output Load: 1 TTL gate and CL= 100 pF 
Input Rise and Fall Times; <20 ns 
Input Pulse Levels: 0.8V to 2,2V 
Timing Measurement Reference Level: 
Inputs 1Vand2V 
Outputs 0.8V and 2V 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range” they are not meant to imply that the devices shouid be operated at these limits. The table of "Recommended DC Operating Conditions" provides con- 
ditions for actual device operation. 

Note 2: Typical values are for TA = 25*0 and nominal supply voltages. 

Note 3: Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV. Capacitance is guaranteed by periodic 
testing. 
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Switching Time Waveforms* 


ReadCycle(CE = VIL) 



ReadCycle(OE(G) = VIL) 



Standby Power Down Mode(OE = VIL) 



JPF J <ACC . 

(TEHQZ) ^(TAVQV) 


VALID FOR 
CURRENT ADDRESS 


VALID FOR 
CURRENT ADDRESS 


‘ Symbols in parentheses are proposed industry standard. 
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NMC2724 


PROGRAM OPERATION 

DC Characteristics ta = 25”c ± 5°c, vcc = sv ± 5 %, vpp = 2 sv ± 1 v 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ILI 

Input Current All Inputs 

VIN = VILorVIH 



10 


VOL 

Output Low Voltage During Verify 

IOL = 2.1 mA 



0.45 

V 

VOH 

Output High Voltage During Verify 

IOH= -400,iA 

2.4 



V 

ICC 

VCC Suppiy Current 



85 

150 

mA 

VIL 

Input Low Level All Inputs 


-0.1 


0.8 

V 

VIH 

Input High Level All Inputs Except OE/VPP 


2.0 


VCC + 1 

V 

IPP 

VPP Supply Current 

CE = VIL, OE = VPP 



30 

mA 


AC Characteristics ta = 25°c ± 5°c, vcc = sv ± 5 % 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Alternate 

Standard 

Us 

TAVEL 

Address Set-Up Time 


2 



^iS 

Ues 

TVPPHEL 

Program Voltage Set-Up Time 


2 



liS 

Ids 

TDVEL 

Data Set-Up Time 


2 



#rS 

tAH 

TEHAX 

Address Hold Time 


0 



^LS 

toEH 

TEHVPPL 

OE Hold Time 


2 



ns 

Uh 

TEHDX 

Data Hold Time 


2 



MS 

Uf 

TEHQZ 

Chip Enable to Output Hi-Z 


0 


120 

ns 

tov 

TELQV 

Data Valid from CE" 

_i 

> 

ii 

LU 

lo 



1 

MS 

tpw 

TELEH 

CE Pulse Width During Programming 


45 

50 

55 

ms 

Ur 

TVPPLEL 

VPP Recovery Time 


2 



MS 


Programming Waveforms * (Note 4 ) ta = 25°c ± s-c, vcc = sv ± 5 % , vpp = 2 sv ± 1 v 



Note 4: The input timing reference ievei is 1V for ViL and 2V for ViH. 
‘Symbois in parentheses are proposed industry standard. 
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Functional Description 


DEVICE OPERATION 

The NMC2724 has two modes of operation in the normal 
system environment. These are shown in Table I. 


TABLE I. OPERATING MODES (VCC = 5V)^ 


Pins 

Mode 

CE 

(E) 

18 

OE/VPP 

(G/VPP) 

20 

ICC Max 
24 

Outputs 
9-11, 13-17 

Read 

VIL 

VIL 

150 mA 

DOUT 

Standby 

VIH 

Don’t Care 

30 mA 

Hi-Z 


Read Mode 

The NMC2724 read operation requires that CE = VIL, and 
OE/VPP = VIL and that addresses A0-A10 have been 
stabilized. Vaiid data will apear on the output pins after 
Ucc> toE. Of 'cE times (see Switching Time Waveforms) 
depending on which is limiting. 

Standby Mode 

The NMC2724 is placed in the standby mode (deselected 
and powered down) by making CE = VIH. This is inde- 
pendent of the Output Enable control and automatically 
controls the outputs to their Hi-Z state. The power dissipa- 
tion is reduced to 20% of the normal operating power. VCC 
must be kept at 5V. Access time at power up (chip selec- 
tion) remains either t^cc or tcE (see Switching Time 
Waveforms). 

PROGRAMMING 

The NMC2724 is shipped from National completely 
erased. All bits will be at a “1” level (outputs high) in this in- 
itial state after any full erasure. Table II shows the three 
programming modes. 

TABLE II. PROGRAMMING MODES (VCC = 5V) ^ 


Outputs 
9-11, 13-17 


Program Mode 

The NMC2724 is programmed by placing “0”s into the de- 
sired locations. This is done 8 bits (a byte) at a time. Any in- 
dividual address, a sequence of addresses, or addresses 
chosen at random may be programmed. Any or all of the 8 
bits associated with an address location may be pro^ 
grammed with a single program pulse applied to the CE 
pin. All iriput voltage levels, including the program pulse 
on the CE pin are TTL compatible. The programming 
sequence is: 

With the OE/ VPP pin at 25V and VCC = 5V, an address is 
selected and the desired data word is applied to the out- 
put pins (VIL = “0” and VIH = “1” for both address and 





Pins 

CE 

OE/VPP 


(E) 

(G/VPP) 

Mode 

18 

20 

Program 

VIL 

25V 

Program Verify 

VIL 

VIL 

Program Inhibit 

VIH 

25V 


^ta). After the address and data signals are stable the 
CE pin is pulsed from VIH to VIL with a pulse width 
between 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A low level, VIL or 
lowe^musf not be maintained steady state (DC signal) on 
the CE pin during programming. Several NMC2724s may 
be programmed in parallel (the same data in each one) in 
this mode. 

Program Verify 

The programming of the NMC2724 may be verified, either 
one word at a time during the programming (as shown in 
the timing diagram) or by reading all of the words out at the 
end of the programming sequence. 

Program Inhibit 

The program inhibit mode allows programming several 
NMC2724S in parallel with different data for each one by 
controlling which ones receive the program pulse. All 
similar inputs may be paralleled. Pulsing the CE pin from 
VIH to VIL on a selected unit or units will cause program- 
ming, while inhibiting the CE pulse will inhibit pro- 
gramming and keep the outputs of the inhibited devices in 
the Hi-Z state. 

ERASURE PROCEDURE 

The NMC2724 is erased by exposure to high intensity ul- 
traviolet light through the transparent window. This expo- 
sure discharges the floating gates to their initial state 
through induced photo current. It is recommended that 
this device be kept out of direct sunlight. The UV content 
of sunlight may cause the a partial erasure of some bits in 
a relatively short period of time. Direct sunlight (any in- 
tense light) can cause temporary functional failure due to 
generation of photo currents. Extended exposure to room 
level fluorescent lighting will also cause erasure. An 
opaque coating (paint, tape, label, etc.) should be placed 
over the package window if this product is to be operated 
under these lighting conditions. 

An ultraviolet source of 2537A yielding a total integrated 
dosage of 15 Watt-seconds/cm^ is required. This will erase 
a unit in approximately 15 to 20 minutes when a UV lamp of 
a 12 mW/cm^ power rating is used. The NMC2724 to be 
erased should be placed one inch away from the lamp and 
no filters should be used. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one 
inch. The erasure time increases as the square of the 
distance. (If distance is doubled the erasure time in- 
creases by a factor of 4.) Lamps lose intensity as they age. 
When a lamp is changed, the distance has changed or the 
lamp has aged, the system should be checked to make 
certain full erasure is occurring. Incomplete erasure will 
cause symptoms that can be misleading. Programmers, 
components, and even system designs have been er- 
roneously suspected when incomplete erasure was the 
problem. 


■ Symbols in parentheses are proposed Industry standard. 
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NMC2732 


National 

mjM Semiconductor 


MOS EPROMs 

PRELIMINARY 


NMC2732 32k-Bit (4k x 8) UV Erasable PROM 

General Description Features 


The NMC2732 is a 32,768-bit EPROM operating from a 
single 5V power supply. This device is an ultraviolet 
erasable, electrically programmable, read only memory 
fabricated using National’s high speed, low power, silicon 
gate technology. 

This device is deselected when pin 18 is high and automat- 
ically placed in the standby mode. This mode provides an 
80% reduction in power with no increase in access time. 
The NMC2732 has an output enable control to eliminate 
bus contention in microprocessor systems. 

Bits may be programmed at random, in sequence or sin- 
gly. Typical erasure time is 20 minutes using a 12 mW/cm^ 
ultraviolet lamp. 


Features 

■ SingleBV power supply 

■ 450 ns max access time 

■ Low power: 

Active— 150 mA max 
Standby— 30 mA max 

■ Fully static 

■ TRI-STATE® output 

■ AIII/OpinsTTLcompatible 

■ Pin compatible with existing EPROMs and ROMs 

■ Output enable control 


Block and Connection Diagrams* 

GND 

VCC VPP (VSS) 

1 i I 

5V 25V GNO / — 


DATA OUTPUTS 
Oo-O; (Q1-Q8) 


CONTROL 

LOGIC 

► 

► 

OUTPUT SUFFERS 

i 


Y 

DECODER 

► 

• 

• 

► 

Y-GATING 

X 

DECODER 

► 

► 

• 

• 

• 

• 

• 

► 

32.768 BIT 
CELL MATRIX 


Dual-ln-Line Package 



Modes* 


Mode 

Pin Name/Number I 

CE 

(E) 

18 

OE/VPP 

(G/VPP) 

20 

VCC 

24 

Outputs 
9-11, 13-17 

Read 

VIL 

VIL 

5V 

DOUT 

Standby 

VIH 

Don’t Care 

5V 

Hi-Z 

Program 

VIL 

25V 

5V 

DIN 

Program Verify 

VIL 

VIL 

5V 

DOUT 

Program Inhibit 

VIH 

25V 

5V 

Hi-Z 


Order Number NMC2732Q 
See NS Package J24CQ 

Pin Names* 

CE(E) Chip Enable 

OE(G) Output Enable 

A0-A11 Address Inputs 

Oo- 07 (Q 1 -Q 8 ) Data Outputs 
VPP Program Power 25V 

VCC Power 5V 

GND (VSS) Ground 


' Symbols in parentheses are proposed industry standard.' 
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Absolute Maximum Ratings (Note i) 

Temperature under Bias • -10°Cto+80°C 

Storage Temperature - 65°C to + 125°C 

All Input and Output Voltages + 6V to - 0.3V 

with Respect to VSS During Read 

VPP Supply Voltage with Respect + 26.5V to - 0.3V 

to VSS During Programming 

Power Dissipation 1.5W 

Lead Temperature (Soldering, lOseconds) 300°C 

READ OPERATION 


DC Operating Characteristics (Note2) TA=o‘’cto 7 o°c, vcc= 5 v± 5 %,vss=ov 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ILI1 

Input Load Current 

VIN= 5.25V 



10 


ILI2 

OE/VPP Input Load Current 

VIN= 5.25V 



300 

/rA 

ICC1 

VCC Current Standby 



15 

30 

mA 

ICC2 

VCC Current Active 

OE = CE = VIL 


85 

150 

mA 

VIL 

Input Low Voltage 


-0.1 


0.8 

V 

VIH 

Input High Voltage 


2.0 


VCC + 1 

V 

VOL 

Output Low Voltage 

IOL = 2.1mA 



0.45 

V 

VOH 

Output High Voltage 

IOH= -400#rA 

ro 



V 


AC Characteristics ta = o-c to 70 “c, vcc = sv ± 5%, vss = ov 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Alternate 

Standard 

*ACC 

TAVQV 

Address to Output Valid 

CE = OE = VIL 



450 

ns 

•CE 

TELQV 

CE to Output Delay 

OE = VIL 



450 

ns 

*OE 

TGLQV 

Output Enable to Output Delay 

CE = VIL 



120 

ns 

^DF 

TGHQZ 

Output Enable High to Output Hi-Z 

CE = VIL 

0 


100 

ns 

foH 

TAXQX 

Address to Output Hold 

_j 

> 

II 

|IU 

lo 

II 

|LU 

lo 

0 



ns 

*PF 

TEHQZ 

CE (E) to Output Hi-Z 

OE = VIL 

0 


100 

ns 


AC Test Conditions 

Output Load: 1 TTL gate and CL= 100 pF 
input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
Inputs 1Vand2V 
Outputs 0.8V and 2V 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Recommended DC Operating Conditions" provides con- 
ditions for actual device operation. 

Note 2: Typical values are for TA = 25”C and nominal supply voltages. 

Note 3; Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = lAt/AV. Capacitance is guaranteed by periodic 
testing. 


Capacitance (Note 3) TA = 25X, f = 1 MHz 


Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

CIN1 

Input Capacitance Except OE/VPP 
(G/VPP) 

VIN=0V 

4 

6 

pF 

CIN2 

OE/VPP (G/VPP) Input Capacitance 

VIN=0V 


20 

pF 

GOUT 

Output Capacitance 

VOUT = 0V 


12 

pF 































































































Switching Time Waveforms* 


ReadCycle(CE = VIL) 



ReadCycle(OE(G) = VIL) 



Standby Power Down Mode (OE = VIL) 


VIH 


ADDRESSES 


VALID 


VIL 


X 


VIH 


CE 


VIL 


X 


VOH 


OUTPUT 


VOL , 


VALID FOR 
CURRENT ADDRESS 


STANDBY 


_'PF 

(TEHQZ) 


VALID 




tACC 

(TAVQV)I 


> 


Hi-Z 


i 


•— 'CE 
(TELQV) 

ACTIVE 


/ 


STANDBY 


VALID FOR 
CURRENT ADDRESS 


> 


Hi-Z 


* Symbols in parentheses are proposed Industry standard. 


5-68 






PROGRAM OPERATION 

DC Characteristics ta = 25x ± 5°c, vcc = sv ± 5 %, vpp = 2 sv ± 1 v 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ILI 

Input Current All Inputs 

VIN = VILor VIH 



10 

/.A 

VOL 

Output Low Voltage During Verify 

IOL = 2.1 mA 



0.45 

V 

VOH 

Output High Voltage During Verify 

lOH = - 400 

2.4 



V 

ICC 

VCC Supply Current 



85 

150 

mA 

VIL 

Input Low Level All Inputs 


-0.1 


0.8 

S9 

VIH 

Input High Level All Inputs Except OE/VPP 


2.0 


VCC-f 1 

BB 

IPP 

VPP Supply Current 

CE = VIL,OE = VPP 



30 

mA 

AC Characteristics ta=25'c±5°c, vcc=5v±5% 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Alternate 

Standard 

Us 

TAVEL 

Address Set-Up Time 


2 



/iS 

toES 

TVPPHEL 

Program Voltage Set-Up Time 


2 



/tS 

Us 

TDVEL 

Data Set-Up Time 


2 



HS 

»AH 

TEHAX 

Address Hold Time 


0 



flS 

Ueh 

TEHVPPL 

OE Hold Time 


2 



ftS 

Uh 

TEHDX 

Data Hold Time 


2 



fiS 

Uf 

TEHQZ 

Chip Enable to Output Hi-Z 


0 


120 

ns 

Uv 

TELQV 

Data Valid from CE" 

—1 
> 
, II 
m 

lo 



1 

fiS 

tpw 

TELEH 

CE Pulse Width During Programming 


45 

50 

55 

ms 

Ur 

TVPPLEL 

VPP Recovery Time 


2 



MS 


Programming Waveforms* (Note 4) ta = 25x ± 5°c, vcc = sv ± 5 %, vpp = 2 sv ± 1 v 



5 


Note 4: The input timing reference level Is IV for VIL and 2V for VIH. 
Symbols in parentheses are proposed industry standard. 
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NMC2732 


Functional Description 

DEVICE OPERATION 

The NMC2732 has two modes of operation in the normal 
system environment. These are shown in Table I. 


TABLE I. OPERATING MODES (VCC = 5V)* 


Pins 

Mode 

CE 

18 

OE/VPP 

(G/VPP) 

20 

ICC Max 
24 

Outputs 
9-11, 13-17 

Read 

VIL 

VIL 

150 mA 

DOUT 

Standby 

VIH 

Don’t Care 

30 mA 

Hi-Z 


Read Mode 

The NMC2732 read operation requires that CE = VIL, and 
OE/VPP = VIL and that addresses A0-A11 have been 
stabilized. Valid data will apear on the output pins after 
tAcci toE> Of tcE times (see Switching Time Waveforms) 
depending on which is limiting. 

Standby Mode 

The NMC2732 is placed in the standby mode (deselected 
and powered down) by making CE = VIH. This is inde- 
pendent of the Output Enable control and automatically 
controls the outputs to their Hi-Z state. The power dissipa- 
tion is reduced to 20% of the normal operating power. VCC 
must be kept at 5V. Access time at power up (chip selec- 
tion) remains either tAcc of 'ce (see Switching Time 
Waveforms). 

PROGRAMMING 

The NMC2732 is shipped from National completely 
erased. All bits will be at a “1” level (outputs high) in this in- 
itial state after any full erasure. Table II shows the three 
programming modes. 

TABLE II. PROGRAMMING MODES (VCC = 5V)* 


Pins 

Mode 

CE 

18 

OE/VPP 

(G/VPP) 

20 

Outputs 
9-11, 13-17 

Program 

VIL 

25V 

DIN 

Program Verify 

VIL 

VIL 

DOUT 

Program Inhibit 

VIH 

25V 

Hi-Z 


Program Mode 

The NMC2732 is programmed by placing “0”s into the de- 
sired locations. This is done 8 bits (a byte) at a time. Any in- 
dividual address, a sequence of addresses, or addresses 
chosen at random may be programmed. Any or all of the 8 
bits associated with an address location may be pro^ 
grammed with a single program pulse applied to the CE 
pin. All ij^ut voltage levels, including the program pulse 
on the CE pin are TTL compatible. The programming 
sequence is: 

With the OE/ VPP pin at 25V and VCC = 5V, an address is 
selected and the desired data word is applied to the out- 
put pins (VIL = “0” and VIH = “1” for both address and 


data). After the address and data signals are stable the 
CE pin is pulsed from VIH to VIL with a pulse width 
between 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A low level, VIL or 
lower must not be maintained steady state (DC signal) on 
the CE pin during programming. Several NMC2732s may 
be programmed in parallel (the same data in each one) in 
this mode. 

Program Verify 

The programming of the NMC2732 may be verified, either 
one word at a time during the programming (as shown in 
the timing diagram) or by reading all of the words out at the 
end of the programming sequence. 

Program Inhibit 

The program inhibit mode allows programming several 
NMC2732S in parallel with different data for each one by 
controlling which ones receive the program pulse. All 
similar inputs may be paralleled. Pulsing the CE pin from 
VIH to VIL on a selected unit or units will cause program- 
ming, while inhibiting the CE pulse will inhibit pro- 
gramming and keep the outputs of the inhibited devices in 
the Hi-Z state. 

ERASURE PROCEDURE 

The NMC2532 is erased by exposure to high intensity ul- 
Jraviolet light through the transparent window. This expo- 
sure discharges the floating gates to their initial state 
through induced photo current. It is recommended that 
this device be kept out of direct sunlight. The UV content 
of sunlight may cause the a partial erasure of some bits in 
a relatively short period of time. Direct sunlight (any in- 
tense light) can cause temporary functional failure due to 
generation of photo currents. Extended exposure to room 
level fluorescent lighting will also cause erasure. An 
opaque coating (paint, tape, label, etc.) should be placed 
over the package window if this product is to be operated 
under these lighting conditions. 

An ultraviolet source of 2537A yielding a total integrated 
dosage of 15 Watt-seconds/cm^ is required. This will erase 
a unit in approximately 15 to 20 minutes when a UV lamp of 
a 12 mW/cm^ power rating is used. The NMC2732 to be 
erased should be placed one inch away from the lamp and 
no filters should be used. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one 
inch. The erasure time increases as the square of the 
distance. (If distance is doubled the erasure time in- 
creases by a factor of 4.) Lamps lose intensity as they age. 
When a lamp is changed, the distance has changed or the 
lamp has aged, the system should be checked to make 
certain full erasure is occurring. Incomplete erasure will 
cause symptoms that can be misleading. Programmers, 
components, and even system designs have been er- 
roneously suspected when incomplete erasure was the 
problem. 


■* Symbols in parentheses are proposed industry standard. 
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Section 6 


Bipolar PROMs 


High speed microcontrol storage is made practical at 
very low cost through the use of National’s bipolar 
PROMs. This generic family utilizes the latest in 
Schottky circuitry and Titanium-Tungsten fuse link 
technology. National offers these and other memory 
and logic products for state-of-the-art solutions to 
data processing and control logic design problems. 
Refer to National’s Memory Applications Handbook 
for suggestions on how to use these devices 
effectively. 







Mji Semiconductor 

DM54S188/DM74S188 256-Bit (32 x 8) 
Open-Collector PROM 
DM54S288/DM74S288 256-Bit (32 x 8) 
TRI-STATE® PROM 

General Description Features 


Bipolar PROMs 


These Schottky PROM memories are organized in the 
popular 32 words by 8 bits configuration. A memory 
enable input is provided to control the output states. 
When the enable input is in the low state, the outputs 
present the contents of the selected word. 

If the enable input is raised to a high level, it causes all 
8 outputs to go to the "OFF" or high impedance state. 
The memories are available in both open-collector and 
TRI-STATE® versions and are available as ROM's as 
well as PROM's. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 

See the last page of this section for detailed program- 
ming information. 


DM74S188 

DM74S288 

DM54S188 

DM54S288 


Advanced titanium-tungsten (Ti-W) fuses 


Schottky-clamped for high speed 
Address access— 35 ns max 
Enable access— 25 ns max 


PNP inputs reduce input loading 


■ All dc and ac parameters guaranteed over temperature 


Low voltage TRI-SAFE programming 


Board level programming 


Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 


X 

X 


N, J 


X 


X 

N, J 

X 


X 


J 

X 



X 

J 


Block Diagram 


Connection Diagram 

Dual-In-Line Package 



Logic Symbol 


Order Number DM54S188J, DM54S288J, 
DM74S188J or DM74S288J 
See NS Package J16A 

Order Number OM74S188N or DM74S288N 
See NS Package N16A 
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DM54S188/DM74S188, DM54S288/DM74S288 






DM54S188/DM74S188, DM54S288/DM74S288 


Absolute Maximum Ratings (Note 1) Operating Conditions 



Supply Voltage (Note 2) 

Input Voltage (Note 2) 

Output Voltage (Note 2) 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

--0.5V to +7V Supply Voltage (Vqq) 

-1 .2V to -15.5V DM54S1 88, DM54S288 

-0.5V to -15.5V DM74S188, DM74S288 

— 65°C to +1 50^C A u- * -r * l-r l 

Ambient Temperature (T/\) 
^ , DM54S188, DM54S288 

DM74S188, DM74S288 

MIN 

4.5 

4.75 

-55 

0 

MAX 

5.5 

5.25 

-1125 

+70 

UNITS 

V 

V 

°C 

°C 



Logical "0 

' Input Voltage (Low) 

3 

0.8 

V 



Logical "1 

' Input Voltage (High) 2.0 

5.5 

V 

DC Eiectrical Characteristics (Note s) 








PARAIMETER 

CONDITIONS 

DM54S188, 54S288 

DM74S188, 74S288 

UNITS 

MIN 

typ 

MAX 

MIN 

TYP 

MAX 

l|L 

Input Load Current, All Inputs 

Vcc = Max. V|N = 0.45V 


-80 

-250 


-80 

-250- 

nA 

l|H 

Input Leakage Current, All Inputs 

Vcc = V||\| = 2.7V 



25 



25 

pA 

l| 

Input Leakage Current, All Inputs 

VCC ~ V|[\| = 5.5V 



1.0 



1.0 

mA 

VOL 

Low Level Output Voltage 

Vcc ~ ^OL “ ^0 


0.35 

0.5 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

ICEX 

Output Leakage Current 

Vcc = IVlax. VCEX = 2.4V 



50 



50 

HA 


(Open-Collector Only) (Note 5) 

Vcc “ Vlax, VcEX ” 5.5V 



100 



100 

^A 

vc 

Input Clamp Voltage 

Vcc ^ 'in = “18 mA - 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C|N 

Input Capacitance 

Vcc = 5V,V|n=2V, Ta = 25°C, 
1 MHz 

■ 

H 



H 

■ 

PF 

Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF" 


6.0 



H 

■ 

PF 

Icc 

Power Supply Current 

Vcc “ Max, All Inputs Grounded, 
All Outputs Open 


70 

110 


70 

110 

mA 

TRI-STATE PARAMETERS 

'SC 

Output Short Circuit Current 
(Note 5) 

Vo = OV, Vcc = IVax, (Note 4) 

-20 


-70 

--20 


-70 

mA 

IHZ 

Output Leakage (TRI-STATE) 

Vcc = Vo = 0.45 to 2.4V, 

Chip Disabled 

■ 


±50 



±50 

^A 

VOH 

Output Voltage High, (Note 5) 

>OH = -2mA 

2.4 

3.2 





V 



'oh = “6.5 mA 







V 

. AC Electricai Characteristics (with standard load) 


PARAMETER 

conditions 

DM54S188, 54S288 
5V ±10%;-55°Cto-i125°C 

DM74S188, 74S288 
5V ±5%; 0°C to +70°C 

UNITS 




MIN 

TYP 

MAX 



MAX 


tAA 

Address Access Time 



22 

45 


22 

35 

ns 

tEA 

Enable Access Time 



15 

30 


15 

20 

ns 

tER 

Enable Recovery Time 



15 

35 


15 

25 

ns 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device . 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqc “ 5V and T/\ = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure Vqh. 'cEX or IsC unprogrammed part, apply 10.5V to either AO (pin 10) or A4 (pin 14). 
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^ National 

Semiconductor 

DM54S287/DM74S287 1024-Bit 
TRI-STATE® PROM 
DM54S387/DM74S387 1024-Bit 
Open-Collector PROM 


(256 X 4) 
(256 X 4) 


Bipolar PROMs 


General Description 

These Schottky memories are organized in the popular 
256 words by 4 bits configuration. Two memory enable 
inputs are provided to control the output states. When 
both enable inputs are in the low state, the outputs 
present the contents of the selected word. 

If either or both of the enable inputs is raised to a high 
state, it causes all four outputs to go to the "OFF" or 
high impedance state. The memories are available in 
both open-collector and TRI-STATE versions and are 
available as ROM's as well as PROM's. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 50 ns max 
Enable access— 25 ns max 

■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 


PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 


■ Low voltage TRI-SAFE^^ programming 

■ Board level programming 


See the last page of this section for detailed program- 
ming information. ■ ROM mates are DM74S1 87 and DM85S97 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S387 


X 

X . 


N, J 

DM74S287 


X 


X 

N, J 

DM54S387 

X 


X 


J 

DM54S287 

X 



X 

J 


Block Diagram 


MOST SIGNIFICANT 
ADDRESS BIT 


BUFFERS 

AND 

1/32 

DECODE 

V 

1 

31 ’ ^ 

1024 BIT CELL 
32 X 32 BIT 
MEMORY MATRIX 



0 7 

0 7 


0 7 

BUFFERS 

— 

1/8 I 

DECODE 

I 1/B I 

- DECOOE 

I 1/8 I 

- DECODE 

I 1/B 

- DECOOE 



i 

1 ^ 

i ^ 

i 

ENABLE 

GATE 


OUTPUT 

BUFFER 

OUTPUT 

BUFFER 

OUTPUT 
“ BUFFER 

OUTPUT 

BUFFER 

MOST SIGNIFICANT 
DATA BIT 

04 

i 

03 

1 

02 

i 

01 


Order Number DM54S287J, DM54S387J, 
DM74S287J or DM74S387J 
See NS Package J16A 


Connection Diagram 


DuaMn Line Package 



TOP VIEW 


Logic Symbol 




Order Number OM74S287N or OM74S387N 
See NS Package N16A 
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El E2 


DM54S287/DM74S287 , DM54S387/DM74S387 






Absolute Maximum Ratings (Noten Operating Conditions 





MIN 

MAX 

UNITS 

Supply Voltage (Note 2) 

-0.5V to +7V 

Supply Voltage (Vf;c) 




Input Voltage (Note 2) 

-1 2V to -t5.5V 

DM54S387.DM54S287 

4.5 

5.5 

V 

Output Voltage (Note 2) 

-0.5V to +5.5V 

DM74S387, DM74S287 

4:75 

5.25 

V 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

-65°C to -H50°C 
300° C 

Ambient Temperature (T/^) 
DM54S387, DM54S287 

-55 

-H25 

°c 



DM74S387, DM74S287 

0 

+70 

°c 



Logical “0" Input Voltage (Low) 

0 

0.8 

V 



Logical Input Voltage (High) 

2.0 

5.5 

V 


DC Electrical Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

1 DM54S387/54S287 

1 DM74S387/74S287 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

If 

Input Load Current, All Inputs 

Vcc “ Max, Vp = 0.45V 


-80 

-250 


-80 

-250 

^iA 

IR 

Input Leakage Current, All Inputs 

Vcc = Max, Vr = 2.7V 



25 



25 

pA 

irb 

Input Leakage Current, All Inputs 

,Vcc = Max, Vrb = 5.5V 



1.0 



1.0 

mA 

vql 

Low Level Output Voltage 

Vcc “ Min, Iql = 16 mA 


0.35 

0.5 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

ICEX. 

Output Leakage Current 
(Open-Collector Only) (Note 5) 

Vcc “ Max, VcEX “ 2.4V 



50 



50 

pA 

Vcc ■ Max, VcEX “ 5.5V 



■ESI 



100 

pA 

vc 

Input Clamp Voltage 

Vcc " Min, liM = -18 mA 


-0.8 

-1.2 


1^1 

-1.2 

V 

ClN 

Input Capacitance 

Vcc = 5V, V|N = 2V, Ta = 25°C, 
1 MHz 


4.0 



' 4.0 

■ 

PF 

Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF" 


■ 



H 

■ 

pF 

Icc 

Power Supply Current 

Vcc " Max, All Inputs Grounded, 
All Outputs Open 


80 

130 


80 

130 

mA 


TRI-STATE PARAMETERS 


Isc 

Output Short Circuit Current 

Vq = OV, Vcc Max, (Note 4) 

-20 


-70 

-20 


-70 

mA 

'HZ 

Output Leakage (TRI-STATE) 

Vcc “ Max, Vq = 0.45 to 2.4V, 
Chip Disabled 

■ 


H 



±50 

pA 

vqh 

Output Voltage High, (Note 5) 

Iqh =-2 mA 

mm 






V 

Iqh - “5.5 mA 




2.4 

11^1 


V 


AC Electrical Characteristics (With standard load) 





1 DM54S387/54S287 

DM74S387/74S287 



PARAMETER 

CONDITIONS 

5V±10%; 

-55°Cto+125°C 

5V ±5%; 0°C to +70°C 

UNITS 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


tAA 

Address Access Time 

(Figure 1) 

10 

35 

60 

10 

35 

50 

ns 

lEA 

Enable Access Time 

(Figure 2) 

5 

15 

30 

5 

15 

25 

ns 

lER 

Enable Recovery Time 

(Figure 2) 

5 

15 

30 

5 

15 

25 

ns 


Note 1 : Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2; These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5V and = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise resuit. 

Note 5: To measure Vqh ^CEX unprogrammed part, apply 10.5V to both A7 and A2 (pin 1 5 and pin 7). 



















































































































































standard Test Load 


Vcc 



*Cl includes probe and jig capacitance. 

Switching Time Waveforms 


■ Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZOUT = son, tr < 2.5 ns and tf < 2.5 ns (between 
1.0V and 2.0V). 

■ tAA is measured with both enable inputs at a steady 
low level. 

■ t£A t£R are measured from the 1.5V on in- 
puts and outputs with all address inputs at a steady 
level and with the unused enable input at a steady 
low level.- 



Typical Performance Characteristics 


Typical Switching Characteristics Typical Switching Characteristics 

as a Function of Temperature as a Function of V^c (T;^ = 25° C, 

(Vcc = 5V, Standard Load) Standard Load) 



Tft AMBIENT TEMPERATURE I'C) SUPPLY VOLTAGE (V) 


Equivalent Circuits 


Equivalent of Each Input ' Typical TRI-STATE Output Typical Open-Collector Output 
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DM54S287/DM74S287 , DM54S387/DM74S387 




DM54S473/DM74S473, DM54S472/DM74S472 




National 
Semiconductor 

DM54S473/DM74S473 4096-Bit (512 x 
Open-Collector PROM 


DM54S472/DM74S472 4096-Bit (512 x 
TRI-STATE® PROM 

General Description Features 


8) 

8) 


Bipolar PROMs 


These Schottky PROM memories are organized in the 
popular 512 words by 8 bits configuration. A memory 
enable input is provided to control the output states. 
When the enable input is in the low state, the outputs 
present the contents of the selected word. 

If the enable input is raised to a high level, it causes all 
8 outputs to go to the "OFF" or high impedance state. 
The memories are available in both open-collector and 
TRI-STATE versions. 


Advanced titanium-tungsten (Ti-W) fuses 

Schottky-clamped for high speed 
Address access-60 ns max 
Enable access- 30 ns max 

PIMP inputs reduce input loading 

All dc and ac parameters guaranteed over temperature 


PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 


■ Low voltage TRI-SAFE"'^''^ programming 


■ Board level programming 


See the last page of this section for detailed program- 
ming information. ■ High density 20-pin package 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 



X 

X 


N, J 

DM74S472 


X 


X 

N, J 

DM54S473 

X 


X 


J 

DM54S472 

X 



X 

J 


Block Diagram 


Connection Diagram 


Dual-In-Line Package 




Order Number DM54S472J, DM54S473J, 
DM74S472J or DM74S473J 
See NS Package J20B 

Order Number DM74S472N or OM74S473N 
See NS Package N20A 


Logic Symbol 
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Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage (Note 2) -0.5V to +7V 

Input Voltage (Note 2) -1.2Vto+5.5V 

Output Voltage (Note 2) -0.5V to +5.5V 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Supply Voltage (Vcc> 


DM54S473, DM54S472 

4.5 

5.5 

V 

DM74S473, DM74S472 

4.75 

5.25 

V 

Ambient Temperature (T^) 

DM54S473, DM54S472 

-55 

-H25 

°C 

DM74S473, DM74S472 

0 

-f70 

°C 

Logical "0" Input Voltage (Low) 

0 

0.8 

V 

Logical "1" Input Voltage (High) 

2.0 

5.5 

V 


DC Electrical Characteristics (Note 3) 



DM54S473, 54S472 


DM74S473, 74S472 


(WIN TYP MAX MIN TYP , MAX 


l|l_ Input Load Current, All Inputs 


l|H Input Leakage Current, All Inputs 


Input Leakage Current, All Inputs 


Vql I Low Level Output Voltage 


V|L Low Level Input Voltage 


V|n I High Level Input Voltage 


ICEX Output Leakage Current 

(Open-Collector Only) (Note 5) 


Input Clamp Voltage 


Input Capacitance 


Cq Output Capacitance 


Ice Power Supply Current 


TRI-STATE PARAMETERS 


Vcc = Max, V|N = 0.45V 


Vcc = Max, V|(M = 2.7V 


Vcc = Max, V|N = 5.5V 


Vcc “ Min, Iql = 16 mA 



vcc = 

Max, VcEX “ 2.4V 


vcc = 

Max, VcEX ” 5.5V 


vcc = 

Min, l|N = -18 mA 


Vcc = 

5V, V|n = 2V,Ta = 

25°C, 

1 MHz 



Vcc = 

5V, Vo = 2V, Ta = 

25°C, 

1 MHz 

Output "OFF" 


vcc = 

Max, All Inputs Grounded, 

1 All Outputs Open 



Isc 

Output Short Circuit Current 
(Note 5) 

Vo = OV, Vcc = Max, (Note 4) 

IHZ 

Output Leakage (TRI-STATE) 

Vcc = Max, Vo = 0.45 to 2.4V, 
Chip Disabled 

VOH 

Output Voltage High, (Note 5) 

lOH =-2 mA 



lOH “ ~6-5 mA 



AC Electrical Characteristics (With standard load) 


PARAMETER , 

tAA 

Address Access Time 

tEA 

Enable Access Time 

tER 

Enable Recovery Time 



DM54S473. 54S472 DM74S473, 74S472 

5V ±10%;-55°Cto-H25°C 5V ±5%;0°C to -r70°C 


MAX 


MAX 

75 



60 

35 



30 

35 



30 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc “ 6V and T/^ = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure Vqh- ICEX °r Isc an unprogrammed part, apply 10.5V. 
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M54S473/DM74S473, DM54S472/DM74S472 





































































































































DM54S474/DM74S474, DM54S475/DM74S475 




National 

Semiconductor 


Bipolar PROMs 


DM54S474/DM74S474 4096-Bit (512 x 8) 
TRI-STATE® PROM 

DM54S475/DM74S475 4096-Bit (512 x 8) 
Open-Collector PROM 


General Description 

These Schottky memories are organized in the popular 
512 words by 8 bits configuration. Four memory enable 
inputs are provided to control the output states. When 
El and E2 are low and E3 and E4 are high, the output 
presents the contents of the selected word. 

If El or E2 are high, or E3 or E4 are low, it causes all 
8 outputs to go to the "OFF" or high impedance state. 
The memories are available in both open-collector and 
TRI-STATE versions and are available as ROM's as 
well as PROM's. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 

See the last page of this section for detailed program- 
ming information. 


DM74S475 

DM74S474 

DM54S475 

DM54S474 


Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 


X 

X 


N, J 


X 


X 

N, J 

X 


X 


J 

X 



X 

J 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 65 ns 
Enable access— 35 ns 

■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 

■ Low'voltage TRI-SAFE^''^ programming 

■ Board level programming 

■ ROM mates are DM87S95 and DM87S96 


Connection Diagram 

Dual-In-Line Package 

TATE Package I 


Block Diagram 


4096 BIT CELL 
64 X 64 

MEMORY MATRIX 


1 DECODER I IoECOGERI I DECODER n decoder! I decoder n 



Order Number DM54S474J, DM54S475J, 
DM74S474J or DM74S475J 
See NS Package J24A 

Order Number DM74S474N or DM74S475N 
See NS Package N24B 


Logic Symbol 
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Absolute Maximum Ratings (Noten 


Supply Voltage (Note 2) 

Input Voltage (Note 2) 

Output Voltage (Note 2) 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 


Operating Conditions 


-0.5V to +7V 

Supply Voltage (Vq^I 

MIN 

MAX 

UNITS 

-1 .2V to -r5.5V 

DM54S474, DM54S475 

4.5 

5.5 

V 

-0.5V to -rS.SV 
-65'' C to +150°C 
300° C 

DM74S474, DM74S475 
Ambient Temperature (T/\) 

4.75 

5.25 

V 

DM54S474, DM54S475 

-55 

-1-125 

°c 


DM74S474, DM74S475 

0 

-1-70 

°c 


Logical "0” Input Voltage (Low) 

0 

0.8 

V 


Logical "1" Input Voltage (High) 

2.0 

5.5 

V 


DC Electrical Characteristics (Note 3) 


Input Load Current, All Inputs 


l|H Input Leakage Current, All Inputs 


Input Leakage Current, All Inputs 


Vql Low Level Output Voltage 


V|L Low Level Input Voltage 


V|H High Level Input Voltage 


ICEX Output Leakage Current 

(Open-Collector Only) (Note 5) 


Input Clamp Voltage 


Input Capacitance 


Co Output Capacitance 


ICC Power Supply Current 


TRI-STATE PARAMETERS 



DM54S474, DM54S475 DM74S474, DM74S475 


TYP MAX MIN TYP MAX 


VCC ~ V|(\| = 0.45V 


Ycc “ Max, V|M = 2.7V 


Vcc ~ Max, V|M = 5.5V 


Vcc “ Min, Iql = 16 mA 


MCC = 

Max, VcEX “ 2.4V 


vcc = 

Max, VcEX ■ 5.5V 


Vcc = 

Min, 1 IN = -18 mA 


Vcc = 

5V, V|N = 2V, Ta = 

25°C, 

1 MHz 



vcc = 

5V, Vo = 2V, Ta = 

25°C, 

1 MHz 

Output "OFF" 


Vcc = 

Max, All Inputs Grounded, 

1 All Outputs open 




Output Short Circuit Current 
(Note 5) 

Vq = OV, Vcc “ Max, (Note 4) 

Output Leakage (TRI-STATE) 

Vcc “ Max, Vq = 0.45 to 2.4V, 
Chip Disabled 

Output Voltage High, (Note 5) 

I 0 H = -2 mA 


Iqh “ “6.5 mA 



AC Electrical Characteristics (With standard load) 


PARAMETER 

CONDITIONS 

lAA 

Address Access Time 

(Figure 1) 

tEA 

Enable Access Time 

(Figure 2) 

lER 

Enable Recovery Time 

(Figure 2) 


DM54S474, DM54S475 DM74S474, DM74S475 

5V ±10%;-55°C to -H25°C 5V ±5%; 0°C to -t-70°C 


MIN TYP MAX 


40 


20 


20 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5V and T/^ = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure Von, IcEX ^SC unprogrammed part, apply 10.5V to both A7 and A2 (pin 1 and pin 6). 


MAX 


TYP 

MAX 

75 


40 

65 

40 


20 

35 

40 


20 

35 
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DM54S474/DM74S474 , DM54S475/DM74S475 















































































































































DM54S474/DM74S474 , DM54S475/DM74S475 


Standard Test Load 


^ 600 C|^ = 30pF* 

^Cl includes probe and jig capacitance. 


Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZOUT " 5012, tr < 2.5 ns and tf < 2.5 ns (between 
1.0V and 2.0V). 

tAA is measured with both enable inputs at a steady 
low level. 

t£A ^ER Si's measured from the 1.5V on in- 
puts and outputs with all address inputs at a steady 
level and with the unused enable input at a steady 
low level. 


Switching Time Waveforms 


tODSESS INPUT 




FIGURE 1. Address Access Time 


FIGURE 2. Enable Access Time and Recovery Time 


Typical Performance Characteristics 


Typical Switching Characteristics 
as a Function of Temperature 
(Vcc “ 5V, Standard LoadI 


Typical Switching Characteristics 
as a Function of Vcc (7 a ~ 25° C, 
Standard Load) 



Tft - AMBIENT TEMPERATURE (”C) 


Equivalent Circuits 


SUPPLY VOLTAGE (V) 


Equivalent of Each Input 


Typical TRI-STATE Output 


Typical Open-Collector Output 
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National 

Semiconductor 

DM54S570/DM74S570 2048-Bit (512 x 4) 
Open-Collector PROM 

DM54S571/DM74S571 2048-Bit (512 x 4) 
TRI-STATE® PROM 


Bipolar PROMs 


General Description 

These Schottky memories are organized in the popular 
512 words by 4 bits configuration. A memory enable 
input is provided to control the output states. When 
the enable input is in the low state, the outputs present 
the contents of the selected word. 

If the enable input is raised to a high level, it causes all 
4 outputs to go to the “OFF" or high impedance state. 
The memories are available in both open-collector and 
TRI-STATE versions and are available as ROM's as well 
as PROM's. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 


See the last page of this section for detailed 
ming information. 


Program- 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 


Schottky-clamped for high speed 
Address access— 55 ns max 
Enable access— 30 ns max 


PNP inputs reduce input loading 


All dc and ac parameters guaranteed over temperature 


Low voltage TRI-SAFE^*'^ programming 


■ Board level programming 


ROM mates are DM74S270 and DM74S370 


DM74S570 

DM74S571 

DM54S570 

DM54S571 


Block Diagram 


Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 


X 

X 


N, J 


X 


X 

N, J 

X 


X 


J 

X 



X 

J 


Connection Diagram 

DuaMn-Line Package 


MOST SIGNIFICANT 
ADDRESS BIT 




Logic Symbol 


Order Number DM54SS70J, OM54S571J, 
DM74S570J or DM74S571J 
See NS Package J16A 

Order Number DM74S570N or DM74S571N 
See NS Package N16A 
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DM54S570/DM74S570, DM54S571/DM74S571 





DM54S570/DM74S570,DM54S571/DM74S571 


Absolute Maximum Ratings (Notei) 

Operating Conditions 










MIN 

MAX 

UNITS 

Supply Voltage (Note 2) 

--0.5V to +7V 

Supply Voltage (Vcc' 





Input Voltage (Note 2) 

-1 .2V to -fS.SV 

DM54S570, DM54S571 


4.5 

5.5 

V 

Output Voltage (Note 2) 

-0.5V to +5.5V 

DM74S570, DM74S571 


4.75 

5.25 

V 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

-€5°C to -H50°C • 
300° C 

Ambient Temperature (Ta) 
DM54S570, DM54S571 


55 

-H25 

°C 




DM74S570, DM74S571 


0 

-1-70 

°c 




Logical "0" Input Voltage (Low) 

0 

0.8 

V 




Logical "1" Input Voltage (High) 

2.0 

5.5 

V 

DC Electrical Characteristics (Note 3) 








PARAMETER 

CONDITIONS 

DM54S570, 54S571 

DM74S570, 74S571 

UNITS 

MIN 

TYP 


MIN 

TYP 

MAX 

'!L 

Input Load Current, All Inputs 

Vcc ~ Max, V)N = 0.45V 


-80 

-250 


-80 

-250 

pA 

l|H 

Input Leakage Current, All Inputs 

Vcc = V||\i = 2.7V 



25 



25 

pA 

l| 

Input Leakage Current, All Inputs 

Vcc ~ Max, V|M = 5.5V 



1.0 



1.0 

mA 

VOL 

Low Level Output Voltage 

Vcc ' 'OL “ 16 


0.35 

0.5 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

'CEX 

Output Leakage Current 

Vcc = VcEX ‘ 2.4V 



50 



50 

/iA 


(Open-Collector Only) (Note 5) 

Vcc " Max, VcEX " 5.5V 



100 



100 

ftA 

vc 

Input Clamp Voltage 

Vcc ” 'in = “18 mA 



“1.2 


-0.8 

-1.2 

V 

C|N 

Input Capacitance 

Vcc= 5V, ViN = 2V, Ta=25°C, 


4.0 

■■ 


4.0 


pF 



1 MHz 








Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°C, 


mm 



6.0 

H 

PF 



1 MHz, Output "OFF" 


■1 






Icc 

Power Supply Current 

Vcc " Max, All Inputs Grounded, 
All Outputs Open 

■ 

90 

130 


90 

130 

mA 

TRI-STATE PARAMETERS 

isc 

Output Short Circuit Current 
(Note 5) 

Vq = OV, Vcc “ Max, (Note 4) 

-20 


“70 

-20 


-70 

mA 

'HZ 

Output Leakage (TRI-STATE) 

Vcc “ Max, Vq “ 0.45 to 2.4V, 
Chip Disabled 



±50 



m 

gA 

Vqh 

Output Voltage High, (Note 5) 

IOH = “2mA 

. 2.4 






V 



Iqh ' “6.5 mA 




wm 



V 

AC Electrical Characteristics (with standard load) 




DM54S570, 54S571 

DM74S570, 74S571 



PARAMETER 

CONDITIONS 

5V±10% 

-55°Cto-H25"C 

5V ±5%; 0°C to -H70°C 

UNITS 




MIN 

TYP 

MAX 

I2Q2I 


MAX 


tAA 

Address Access Time 

(Figure 1) 


40 

65 


40 

55 

ns 

lEA 

Enable Access Time 

(Figure 2) 


20 

35 


20 

30 

ns 

tER 

Enable Recovery Time 

(Figure 2) 


20 

35 


20 

30 

ns 

Note 

: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 

may be operated at these values. 









Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 
Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5V and T/\ = 
Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

25° C. 


Note 5: To measure Vqh- 'CEX 'sC 

an unprogrammed part, apply 10.5V to both A8 and A2 (pin 14 and pin 7) 
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standard Test Load 


' Rl = 300 


MEMORY 

OUTPUT^ 

under'*' 

TEST 


. Ci. = 30pF* 


Cl includes probe and jig capacitance. 


Switching Time Waveforms 



■ Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZOUT = 50n, tr < 2.5 ns and tf < 2.5 ns (between 
1.0V and 2.0V). 

■ t/\/\ is measured with both enable inputs at a steady 
low level. 

■ t£A t£R are measured from the 1.5V on in- 
puts and outputs with all address inputs at a steady 
level and with the unused enable input at a steady 
low level. 


ENABLE INPUT 


V f 


FIGURE 2. Enable Access Time and Recovery Time 


Typical Performance Characteristics 


Typical Switching Characteristics 
as a Function of Temperature 
(Vcc = 5V, Standard Load) 



-55 25 125 

Tft - AMBIENT TEMPERATURE {”C) 


Typical Switching Characteristics 
as a Function of Vcc “ 25°C, 
Standard Load) 

70 

60 
50 

3 40 


20 
10 
0 

4.5 5.0 5.5 

SUPPLY VOLTAGE (V) 












^ — ‘AA 








L - - 



1 


Equivaient Circuits 


Equivalent of Each Input 
'^CC 



Typical TRI-STATE Output 
Vcc 



Typical Open-Collector Output 
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DM54S570/DM74S570 , DM54S571/DM74S571 




DM54S572/DM74S572 ,DM54S573/DM74S573 


National Bipolar PROMs 

Semiconductor 

DM54S572/DM74S572 4096-Bit (1024 x 4) 

Open-Collector PROM 
DM54S573/DM74S573 4096-Bit (1024 x 4) 

TRI-STATE® PROM 


General Description 

These Schottky PROM memories are organized in the 
popular 1024 words by 4 bits configuration. Two 
memory enable inputs are provided to control the 
output states. When the enable inputs are in the low 
state, the outputs present the contents of the selected 
word. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 60 ns max 
Enable access— 35 ns max 



If either or both of the enable inputs is raised to a high 
level, it causes all 4 outputs to go to the "OFF” or high 
impedance state. The memories are available in both 
open-collector and TRI-STATE® versions. 


■ PNP inputs reduce input loading 

■ All dc and ac parameters guaranteed over temperature 


PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
Once programmed, it is impossible to go back to a low. 


Low voltage TRI-SAFE^''^ programming 


Board level programming 


See the last page of this section for detailed program- 
ming information. 


■ High density 18-pin package 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S572 


X 

X 


N,J 

DM74S573 


X 


X 

N.J 

DM54S572 

X 


X 


J 

DM54S573 

X 



X 

J 


Block Diagram 


Connection Diagram Logic Symbol 



Dual-ln-Line Package 




Order Number DM54S572J, DM54S573J, 
DM74S572J or DM74S573J 


Order Number DM74S572N 
or DIV174S573N 


See NS Package J18A 


See NS Package N18A 
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Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage (Note 2) 

Input Voltage (Note 2) 

Output Voltage (Note 2) 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 


-0.5V to +7V 
-1.2V to +5.5V 
-0.5V to +5.5V 

Supply Voltage (Vqq) 
DM54S572, DM54S573 

MIN 

4.5 

MAX 

5.5 

UNITS 

V 

-65° C to +150°C 

DM74S572, DM74S573 

4.75 

5.25 

V 

300° C 

Ambient Temperature (T/\) 
DM54S572, DM54S573 

-55 

+125 

°c 


DM74S572, DM74S573 

0 

+70 

°c 


Logical "0" Input Voltage (Low) 

0 

0.8 

V 


Logical "I" Input Voltage (High) 

2.0 

5.5 

V 


DC Electrical Characteristics (Notes) 


PARAMETER 

mm 

Input Load Current, All Inputs 

l|H 

Input Leakage Current, All Inputs 

ii 

Input Leakage Current, All Inputs 

VOL 

Low Level Output Voltage 

V|L 

Low Level Input Voltage 

V|H 

High Level Input Voltage 

ICEX 

Output Leakage Current 
(Open-Collector Only) (Note 5) 

vc 

Input Clamp Voltage 

C|N 

Input Capacitance 

Co 

Output Capacitance 

Icc 

Power Supply Current 

TRI-STATE PARAMETERS 

Isc 

Output Short Circuit Current 
(Note 5) 

IHZ 

Output Leakage (TRI-STATE) 

Vqh 

Output Voltage High, (Note 5) 



Vcc " V||M = 0.45V 


VcC = "'la’'. V|N = 2.7V 


Vcc “ V|(\| = 5.5V 


Vcc “ Iql ~ 


Vq = OV, Vcc “ Max, (Note 4) 


Vcc ~ Max, Vq = 0.45 to 2.4V, 
Chip Disabled 


lQH=-2mA 


IQH 




DM54S572, 54S573 


DM74S572, 74S573 


vcc = 

Max, VcEx ” 2,4V 


Vcc = 

Max, VcEX “ 5.5V 


Vcc = 

Min, l|(\| = -18 mA 


Vcc = 

5V, V|N = 2V, Ta 

25‘‘C, 

1 MHz 



Vcc = 

5V, Vo = 2V, Ta = 

25°C, 

1 MHz 

Output "OFF” 


vcc = 

Max, All Inputs Grounded, 

1 All Outputs Open 




AC Electrical Characteristics (With standard load) 


PARAMETER 

*AA 

Address Access Time 

lEA 

Enable Access Time 

tER 

Enable Recovery Time 



DIVI54S572, 54S573 


DIV174S572, 74S573 


5V ±10%;-55°C to+125“C 5V ±5%; 0‘"C to +70°C 


MAX 


TYP 

MAX 

40 

75 

25 

45 

25 

45 



Note 1 : Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5V and T^ = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Note 5: To measure Vqh- IcEX ISC unprogrammed part, apply 10.5V to both A5 and A2 (pin 2 and pin 7). 
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DM54S572/DM74S572 , DM54S573/DM74S573 














































































































































DM77S1 80/DM87S1 80, DM77S1 81 /DM87S1 81 




National 

Semiconductor 


Bipolar PROMs 


DM77S180/DM87S180, DM77S181/DM87S181 
1024 X 8-Bit TTL PROM 


General Description 


These Schottky memories are organized in the popular 
1024 words by 8 bits configuration. Four memory enabje 
inputs are provided to control the output states. When E1 
and E2 are low and E3 and E4 are high, the output 
presents the contents of the selected word. 

If El or E2 are high, or E3 or E4 are low, it causes all 8 out- 
puts to go to the “OFF” or high impedance state. The 
memories are available in both open-collector and TRI- 
STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected loca- 
tion by following the programming instructions. 

See the last page of this section for detailed program- 
ming information. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 40 ns typ 
Enable access— 15 ns typ 

■ PNP inputs reduce input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFETM programming 


DM87S180 

DM87S181 

PM77S180 

DM77S181 


Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 


X 

X 


N, J 


X 


X 

N, J 

X 


X 


J 

X 



X 

J 


Block Diagram 


40S6-BITCELL 

64X128 

MEMQRYMATRIX 


Connection Diagram 


Dual-In-Line Package 



Logic Symbol 




Pin Names 

E1 to E4 Enable Inputs 

AO to A9 Address Inputs 

01 to 08 Data Outputs 


Order Number DM77S180J, DM77S181J, 
DM87S180J or DM87S181J 
See NS Package J24A 

Order Number DM87S180N 
orDM87S181N 
See NS Package N24B 
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Absolute Maximum Ratings (Note i) 


Operating Conditions 


Supply Voltage (Note 2) 
Input Voltage(Note2) 
Output Voltage (Note 2) 
Storage Temperature 


-0.5V to +7V 
-1.2V to +5.5V 
- 0.5V to + 5.5V 
-65°Cto +150“C 


LeadTemperature(Soldering, 10 seconds) 300 °C 


DC Electrical Characteristics (Notes) 



Min 

Max 

Units 

Supply Voltage (Vcc) 
DM77S180,DM77S181 

4.5 

5.5 

V 

DM87S180,DM87S181 

4.75 

5.25 

V 

Ambient Temperature (Ta) 
DM77S180, DM77S181 

-55 

-F125 

°c 

DM87S180, DM87S181 

0 

+ 70 

°c 

Logical “0” Input Voltage(Low) 

0 

0.8 

V 

Logical “1” Input Voltage (High) 

2.0 

5.5 

V 



Vqq= Min» Iql — 16 mA 


Input Load Current, All Inputs Vcc= Max, V|n = 0.45V 


Input Leakage Current, All Inputs Vcc = Max, V|m = 2.7V 


Input Leakage Current, All Inputs Vcc= Max, V|n = 5.5V 


Vql Low Level Output Voltage 


V|L Low Level Input Voltage 


V|n High Level Input Voltage 


CEx Output Leakage Current 
(Open-Collector Only) 


Input Clamp Voltage 


Input Capacitance 


Output Capacitance 


cc Power Supply Current 


TRI-STATE PARAMETERS 


Output Short Circuit Current 


HZ Output Leakage (TRI-STATE) 


Vqh Output Voltage High 


Vcc = Min, l||s|= -18 mA 


Vcc = 5V,V|n = 2V,Ta = 25“C, 
1 MHz 


Vcc = 5 V, Vq = 2V, Ta = 25 °C, 
1 MHz, Output "OFF” 


Vcc= Max, All Inputs Grounded, 
All Outputs Open 


Vo = OV, Vcc = Max, (Note 4) 


Vcc = Max, Vo = 0.45 to 2.4V, 
Chip Disabled 


OH= - 2 mA 


OH= -6.5 mA 


DM77S180, 

DM77S181 

DM87S180, 

DM87S181 



-10 

-100 


H9 

-100 



25 



25 



50 



50 


0.35 

0.50 



0.45 



0.80 


n 

0.80 

2.0 



2.0 





50 



50 



m<]ji 



mm 


-0.8 

-1.2 



-1.2 


4.0 



4.0 



6.0 



6.0 



115 

170 


115 

170 


-20 


-70 

-20 


-70 



±50 



±50 

Id 

3.2 








mm 

laiHi 



AC Electrical Characteristics (With standard load) 



DM77S180, DM87S180, 

DM77S181 DM87S181 

5V±10%; -55°Cto 5V±5%, 0“Cto Units 

-M25'’C -fTO^C 


t/^A Address Access Time 


tgA Enable Access Time 


tgR Enable Recovery Time 



Typ 

Max 

40 

75 

15 

35 

15 

35 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be 
operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unles stated otherwise. Aii typical values are for Vqc = and T/\ = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 


6-19 


DM77S180/OM87S180,DM77S181/DM87S181 





























































































































DM77S184/DM87S184,DM77S185/DM87S185 


National 

mUi Semiconductor 

DM77S184/DM87S184 8192-Bit (2048 x 4) 
Open-Collector PROM 
DM77S185/DM87S185 8192-Bit (2048 x 4) 
TRI-STATE® PROM 


Bipolar PROMs 


General Description 

These Schottky PROM memories are organized in the 
popular 2048 words by 4 bits configuration. One mem- 
ory enable input, is provided to control the output 
states. When the enable input is in the low state, the 
outputs present the contents of the selected word. 

If the enable input is raised to a high level, it causes 
all 4 outputs to go to the “OFF" or high impedance 
state. The memories are available in both open-col- 
lector and TRI-STATE® versions. 

PROM's are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 


See the last page of this section for detailed program- 
ming information. 

Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 40 ns max 
Enable access— 15 ns max 

■ PNP inputs reduce input loading 

■ All DC and AC parameters guaranteed over tem- 
perature I 

■ Low voltage TRI-SAFE^^ programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM87S184 


X 

X 


N. J 

DM87S185 


X 


X 

N. J 

DM77S184 

X 


X 


J 

DM77S185 

X 




J 


Block Diagram 


Connection Diagram Logic Symbol 



8192-BIT ARRAY 
128 X 64-BIT 
MEMORY MATRIX 




IE 




Dual-In-Line Package 


EO— Cl 


BUFFERS 


1/16 

DECODER 

■ 

■ 

■ 

1/16 

DECODER 

■ 

■ 

■ 

1/16 

OECDDER 

■ 

■ 

■ 

1/16 

DECODER 







1 

HHI 

1 

mi 

I 


ENABLE 


OUTPUT 

1 

DUTPUT 

1 

OUTPUT 

1 

OUTPUT 

GATE 


BUFFER 


BUFFER 


BUFFER 


BUFFER 



— 

AO 




— 

A1 




— 

A2 


01 

— 

— 

A3 




— 

A4 


02 

— 

— 

AS 




— 

A6 


03 

— 

— 

A7 




— 

AS 


04 

— 

— 

A9 




— 

AID 

1 




04 03 

Pin Names 

E Enable Input 

A0-A10 Address Inputs 
01-04 Data Outputs 


TOP VIEV» 

Order Number DM77S184J, DM77S185J, 
DM87S184J or DM87S185J 
See NS Package J18A 
Order Number DM87S184N 
or DM87S185N 
See NS Package N18A 
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Absolute Maximum Ratings (Notei) Operating Conditions 


Supply Voltage (Note 2) --0.5V to +7V 

Input Voltage (Note 2) — 1 ,2V to +5.5V 

Output Voltage (Note 2) -0.5V to +5.5V 

Storage Temperature -65°C to +150“C 

Lead Temperature (Soldering, 10 seconds) 300°C 


DC Electrical Characteristics (Notes) 



MIN 

MAX 

UNITS 

Supply Voltage (Vqq) 

DM77S184, DM77S185 

4.5 

5.5 

V 

DM87S184, DM87S185 

4.75 

5.25 

V 

Ambient Temperature (Ta) 

DM77S184, DM77S185 

-55 

+125 

°c 

DM87S184, DM87S185 

0 

+70 

°C 

Logical "0” Input Voltage (Low) 

0 

0.8 

V 

Logical "1" Input Voltage (High) 

2.0 

5.5 

V 



Input Load Current, All Inputs 


l|H 

Input Leakage Current. All Inputs 

l| 

Input Leakage Current, All Inputs 

. Vql 

Low Level Output Voltage 

V|L 

Low Level Input Voltage 

V|H 

High Level Input Voltage 

'CEX 

Output Leakage Current 
(Open-Collector Only) 

Vc 

Input Clamp Voltage 

C|N 

Input Capacitance 

Co 

Output Capacitance 

'cc 

Power Supply Current 


Vcc ^ 'Vl^x. V|i\j = 0.45V 


Vcc = V|N = 2.7V 


Vcc ■ V|M = 5.5V 


Vcc “ IQL ~ '6 mA 


Vcc = Max, VcEX ^ 2.4V 


Vcc “ Max, VcEX ^ 5.5V 


Vcc " Min, l|M = -18 mA 


Vcc = 5V, V||M = 2V, Ta = 25 C, 
1 MHz 


Vcc = 5V, Vo = 2 V, Ta = 25' C, 
1 MHz, Output "OFF" 


Vcc " Max, All Inputs Grounded, 
All Outputs Open 


DM77S184, 

DM77S185 


MIN TYP MAX 


-10 -100 


DM87S184, 

DM87S185 



TRI STATE PARAMETERS 


'sc 

Output Short Circuit Current 

Vq = OV, Vcc ^ Max, 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

IHZ 

Output Leakage (TRI STATE) 

Vcc ^ Max, Vq = 0.45 to 2.4V, 
Chip Disabled 

■ 


i50 



±50 

pA 

VOH 

Output Voltage High 

IqH = -2 mA 


wm 

1 


■II 


V 


AC Electrical Characteristics (With standard load) 


PARAMETER 

'AA 

Address Access Time 

<EA 

Enable Access Time 

»ER 

Enable Recovery Time 


DM77S184, DM87S184, 

DM77S185 DM87S185 

5V i10%;-55“Cto + 125“C 5V ±5%; 0“C to +70°C 


MAX 




Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that 
the device may be operated at these values. 

Note 2; These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3; These limits apply over the entire operating range unless stated otherwise. All typical values are for V^q = 5V and Ta = 25°C. 
Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM77S188/DM87S188, DM77S288/DM87S288 


aJ Semiconductor 

DM77S188/DM87S188, DM77S288/DM87S288 
32 X 8-Bit TTL PROM 


Bipolar PROMs 


General Description 


These Schottky PROM memories are organized in the 
popular 32 words by 8 bits configuration. A memory 
enabie input is provided to controi the output states. 
When the enabie input is in the low state, the outputs pre- 
sent the contents of the selected word. 

If the enable input is raised to a high level, it causes all 8 
outputs to go to the “OFF” or high impedance state. The 
memories are available in both open-collector and TRI- 
STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected loca- 
tion by following the programming instructions. 

See the last page of this section for detailed program- 
ming information. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 12 ns typ 
Enable access— 8 ns typ 

■ PNP inputs reduce input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFEtm programming 


[ DM87S188 
DM87S288 
DM77S188 
DM77S288 


Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 


X 

X 


N, J 


X 


X 

N, J 

X 


X 


J 

X 



X 

J 


Block Diagram 



Connection Diagram 


Logic Symbol 


Dual-ln-Line Package 



Order Number DM77S188J, DM77S288J, 
DM87S188J or DM87S288J 
See NS Package J16A 

Order Number DM87S188N 
or DM87S288N 
See NS Package N16A 


Pin Names 

E Enable Input 

AO to A4 Address Inputs 

01 to 08 Data Outputs 




01 

AO 


02 

A1 


03 



04 

A2 


05 

A3 


06 



07 

A4 

E 

08 


6-22 







Absolute Maximum Ratings (Note d 


Operating Conditions 


Supply Voltage (Note 2) 
Input Voltage(Note2) 
Output Voltage (Note 2) 
Storage Temperature 


-0.5V to +7V 
' - 1.2V to + 5.5V 
- 0.5V to + 5.5V 
-65Xto +150°C 


Lead Temperature (Soldering, 10 seconds) 


DC Electrical Characteristics (Note s) 



Min 

Max 

Units 

Supply Voltage (Vcc) 

DM77S188, DM77S288 

4.5 

5.5 

V 

DM87S188, DM87S288 

4.75 

5.25 

V 

Ambient Temperature (Ta) 

DM77S188, DM77S288 

-55 

-H25 

°c 

DM87S188, DM87S288 

0 

4-70 

°c 

Logical “0” Input Voltage (Low) 

0 

0.8 

V 

Logical “1” Input Voltage(High) 

2.0 

5.5 

V 



Vcc= Min, loL= 12 mA 


Input Load Current, All Inputs 


Input Leakage Current, All lnputs|Vcc= Max, V|n = 2.7V 


Input Leakage Current, All Inputs 


Vql Low Level Output Voltage 


Low Level Input Voltage 


V|H I High Level Input Voltage 


CEx Output Leakage Current 
(Open-Collector Only) 


Input Clamp Voltage 


Input Capacitance 


Output Capacitance 


Power Supply Current 


TRI STATE PARAMETERS 


Output Short Circuit Current 


HZ Output Leakage (TRI-STATE) 


Vqh Output Voltage High 


Vcc = 5V,V|h = 2V,Ta = 25X, 
1 MHz 


Vcc = 5V,Vo-2V,Ta=25°C. 
1 MHz, Output “OFF” 


Vcc= Max, All Inputs Grounded, 
All Outputs Open 


Vq = OV, Vcc = Max, (Note 4) 


Vcc = Max, Vq = 0,45 to 2.4V, 
Chip Disabled 


OH - ~ 2 mA 


OH= -6.5 mA 


DM77S188, 

DM77S288 

DM87S188, 

DM87S288 

Units 


Max 





-100 



-100 

mA 



25 



25 

^A 



50 



50 

nA 


0.35 

0.50 


0.35 

0.45 

V 



0.80 



0.80 

„V 

2.0 



2.0 



V 



50 



IE9 




100 



nog 

mA 


-0.8 

-1.2 


BIBEB 

V 


4.0 



4.0 


pF 


6.0 



6.0 


PF 


120 

■ 


120 


mA 


AC Eiectricai Characteristics (With standard load) 




tAA Address Access Time 


t^A Enable Access Time 


tgR Enable Recovery Time 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be 
operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unles stated otherwise. All typical values are for Vgc = 5V and Ta = 25“C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM77S190/DM87S190, DM77S191/DM87S191 


Bipolar PROMs 


DM77S190/DM87S190; DM77S191/DM87S191 
2048 X 8-Bit TTL PROM 


General Description 


These Schottky memories are organized in the popular 
2048 words by 8 bits configuration. Three memory enabie 
inputs are provided to controi the output states. When E1 
is iow and E2 and E3 are high, the output presents the 
contents of the selected word. 

If & is high, or E2 or E3 are iow, it causes ail 8 outputs to 
go to the “OFF” or high impedance state. The memories 
are avaiiabie in both open-coiiector and TRI-STATE® 
versions. 

PROMs are shipped from the factory with iows in ail loca- 
tions. A high may be programmed into any seiected loca- 
tion by foliowing the programming instructions. 

See the iast page of this section for detaiied program- 
ming information. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access — 40 ns typ 
Enabie access— 20 ns typ 

■ PNP inputs reduce input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Lovv voltage TRI-SAFETM programming 


DM87S190 

DM87S191 

DM77S190 

DM77S191 


Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 


X 

X 


N, J 


X 


X 

N, J 

X 


X 


J 

■ X 



X 

J 


Block Diagram 


Connection Diagram 


Dual-ln-Line Package 




Logic Symbol 




Pin Names 

El to E3 Enable Inputs 

AO to A10 Address Inputs 

01 to 08 Data Outputs 


Order Number DM77S190J, DM77S191J, 
DM87S190J or DM87S191J 
See NS Package J24A 

Order Number DM87S190N 
orDM87S191N 
See NS Package N24A 
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Absolute Maximum Ratings (Note i) 


Operating Conditions 


Supply Voltage (Note 2) 
Input Voltage(Note2) 
Output Voltage (Note 2) 
Storage Temperature 


-O.SVto +7V 
-1.2V to +5.5V 
- 0.5V to + 5.5V 
-65°Cto +150°C 


Lead Temperature (Soldering, 10 seconds) 



Min 

Max 

Units 

Supply Voltage (Vcc) 

DM77S190,DM77S191 

4.5 

5.5 

V 

DM87S190,DM87S191 

4.75 

5.25 

V 

Ambient Temperature (Ta) 
DM77S190,DM77S191 

-55 

4-125 

°c 

DM87S190, DM87S191 

0 

-t-70 

°c 

Logical “0” Input Voltage (Low) 

0 

0.8 

V 

Logical“1” Input Voltage(High) 

2.0 

5.5 

V 


DC Electrical Characteristics (Note 3) 



Input Load Current, All Inputs 


Input Leakage Current, All Inputs 


Input Leakage Current, All Inputs 


Vql Low Level Output Voltage 


V|L Low Level Input Voltage 


V|H High Level Input Voltage 


CEx Output Leakage Current 
(Open-Collector Only) 


Input Clamp Voltage 


C|N Input Capacitance 


Cq Output Capacitance 


cc Power Supply Current 


TRI STATE PARAMETERS 


Vcc = Max, V,N = 0.45V 


Vcc=Max, V,n = 2.7V 


Vcc= Max, V|N = 5.5V 


Vcc = Min, Iql= 12 mA 



Vcc = Max, Vce)^ = 5.5V 


Vcc = Min, l|N= -18 mA 


Vcc = 5V,V|n = 2V,Ta = 25«C, 
1 MHz 


Vcc = 5V, Vo = 2V,Ta = 25»C, 
1 MHz, Output "OFF" 


Vcc = Max, All Inputs Grounded, 
All Outputs Open 


DM77S190, 

DM87S190, 

DM77S191 

DM87S191 

Min 

Typ 

Max 

Min 

Typ 

Max 


-10 

-150 


-10 

-100 



25 



25 



50 



50 


0.35 

0.50 


0,35 

0.45 



0.80 



0.80 

2.0 



2.0 








50 



100 



100 



-1.2 


BS 

-1.2 


4.0 



4.0 



6.0 



6.0 



120 

175 


120 

175 



Output Short Circuit Current 

Vq = OV, Vcc = Max, (Note 4) 

Output Leakage (TRI-STATE) 

Vcc = Max, Vq = 0.45 to 2.4V, 
Chip Disabled 

Output Voltage High 

loH = -2 mA 


•oH= -6-5 mA 


-70 mA 


±50 


AC Eiectricai Characteristics (With standard load) 



DM77S190, 

DM77S191 


DM87S190, 

DM87S191 


5V±10%; -55°Cto 5V±5%,0'’Cto Units 


tAA Address Access Time 


t^A Enable Access Time 


tgR Enable Recovery Time 



Typ 

Max 

40 

85 

20 

35 

20 

35 


40 


20 


20 


70 ns 


30 ns 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be 
operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming Instructions. 

Note 3: These limits apply over the entire operating range unles stated otherwise. All typical values are for Vcc = and Ta = 25°C. 

Note 4: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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Schottky PROM Programming Procedure 


Schottky PROM 
Programming Procedure 


These parts are shipped from the factory with all fuses 
intact. As a result, the outputs will be low (logical “0") 
for all addresses. In order to generate a high level on the 
outputs, the part must be programmed. Information on 
available programming equipment may be obtained from 
National. However, if it is desired to build your own 
programmer, the following conditions must be observed. 

1. Programming should be attempted only at tempera- 
tures between 15°C and 30°C. 

2. Addresses and chip enable pins must be driven from 
normal TTL logic levels during both programming 
and verification. 

3. Programming will occur at a selected address when 
Vqq is held at 10.5V, the appropriate output is held 
at 10.5V and the chip is subsequently enabled. To 
achieve these conditions in the appropriate sequence, 
the following procedure must be followed: 

a) Select the desired word by applying a high or low 
level to the appropriate address inputs. Disable the 
chip by applying a high level to one or both enable 
inputs. 

b) Increase Vcc 1° 10.5V ±0.5V with the rate of 
increase being between 1.0 and lO.OV/jus. Since 
Vcc supplies the current to program the fuse as 
well as the Iqc of ihe device at programming 
voltage, it must be capable of supplying 750 mA 
atll.OV. 

c) Select the output where a high level is desired by 
raising that output voltage to 10.5V ±0.5V. Limit 
the rate of increase to a value between 1.0 and 
10.0V/)us. This voltage change may occur simul- 
taneously with the increase in Vcc but must not 
precede it. It is critical that only one output at a 
time be programmed since the internal circuits can 
only supply programming current to one bit at a 
time. Outputs not being programmed must be left 

Programming Waveforms 




open or tied to a high impedance source of at least 
20 kJ2. (Remember that the outputs of the device 
are still disabled at this time because the chip 
enables are high.) 

d) Enable the device by taking both chip enables to a 
low level. This is done with a pulse of 10/Js. The 
10/is duration refers to the time that the circuit is 
enabled. Normal input levels are used and rise and 
fall times are not critical. 

e) Verify that the bit has been programmed by first 

removing the programming voltage from the 
output and then reducing Vqc fo ^ ±0.2V. 

Verification at a Vqc l^vel of 4.0V will guarantee 
proper output states over the Vqc tempera- 
ture range of the programmed part. The chip 
must be enabled to sense the state of the outputs. 
During verification, the loading of the output 
must be within specified Iql and Iqh liftiits. 
Steps b, c and d must be repeated 10 times or 
until verification that the bit has programmed. 

f) Following verification, apply five additional pro- 
gramming pulses to the bit being programmed. 
The programming procedure is now complete for 
the selected bit. 

g) Repeat steps a through f for each bit to be pro- 
grammed to a high level. If the procedure is 
performed on an automatic programmer, the duty 
cycle of Vcc programming voltage must be 
limited to a maximum of 25%. This is necessary to 
minimize chip junction temperatures. After all 
selected bits are programmed, the entire contents 
of the memory should be verified. 

Note: Since only an enabled chip is programmed, it is 
possible to program these parts at the board level if all 
programming parameters are complied with. 

Equivalent Circuit 

Programming Equivalent Circuit for One Memory Output 
(Applies to All NSC Generic Schottky PROMs) 


T1 = 100 ns min 

T2 = 5^s mm (T2 may be > 0 if V^cP 
rises at the same rate or faster than VQp) 
T3 = 100nsmin 
T4 = 100nsmin 
T5 = 100 ns min 

*PWE repeated for 5 additional pulses 
after verification of Vqh indicates 
a bit has programmed 


Programming Parameters do 



not test or you may program the device. 



PARAMETERS | 

CONDITIONS 

VCCP 

Required VcC for Programming 


Iccp 

Ice During Programming 

vcc = nv 

Vop 

Required Output Voltage for Programming 


IQP 

Output Current while Programming ' 

VoUT=11V 

>RR 

Rate of Voltage Change of VeC or Output 


PWE 

Programming Pulse Width (Enabled) 


vccv 

Required VeC for Verification 


Mdc 

Maximum Duty Cycle for Vec at ^CCP 

























National 

mji Semiconductor 

DM10416 256 x 4-Bit ECL PROM 


Bipolar PROMs 

PREVIEW 


General Description 


The DM10416 is a fully decoded high speed 1024-bit field 
Programmable Read Only Memory, organized 256 words 
by four bits. The DM10416 is voitage compensated and 
compatible with 10k ECL families. The device is enabled 
when CS is LOW. Programmed bits will furnish HIGH 
levels at corresponding outputs. When the device is 
disabled (CS is HIGH) all outputs are LOW. 

See the last page of this section for detailed program- 
ming Information. 


Features 

■ Fast cycle time— 12 ns typ 

■ Organization— 256 words x 4 bits 

■ 10k and uncompensated 10k ECL logic 

■ Chip select input provides easy expansion 

■ Open emitter outputs for memory expansion 

■ Standard 16-pin dual-in-line package 

■ Full address decoding on chip 


Block Diagram 



Connection Diagram 

Dual-ln-Line Package 


Logic Symbol 



V 

— Vcc2 

IS 

Pin Names 


~01 

CS 

Chip Select Input 

14 

AO to A7 

Address Inputs 

— 02 

01 to 04 

Data Outputs 

13 _ 
CS 

Note: 


12 

Vcci (P'” ’) 

is connected to the 

— 03 

Programmer (-(■ 6.0V) during 


programming only. 

Vcci = GND (Read only) = Pin 1 
Vcc2 = GND = Pin 16 
VgE = Pin 8 
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DM100416 


National 

Semiconductor 

DM100416 256 x 4-Bit ECL PROM 


Bipolar PROMs 

PREVIEW 


General Description 


The DM100416 is a fully decoded high speed 1024-bit field 
Programmable Read Only Memory, organized 256 words 
by 4 bits. The DM100416 is voltage and temperature com- 
pensated and compatible with the 100k family. The device 
is enabled when CS is LOW. Programmed bits will furnish 
HIGH levels at corresponding outputs. When the device 
is disabled (CS is HIGH) all outputs are LOW. 

See the last page of this section for detailed program- 
ming information. 


Features 

■ Fast cycle time— 12 ns typ 

■ Organization— 256 words x 4 bits 

■ 100k logic 

■ Chip select input provides easy memory expansion 

■ Open emitter outputs for memory expansion 

■ Standard 16-pin dual-in-line package 

■ Full address decoding on chip 


Block Diagram 



Connection Diagram 

Dual-ln-Llne Package 


Logic Symbol 



Pin Names 

CS Chip Select Input 

AO to A7 Address Inputs 

01 to 04 Data Outputs 

Note; 

Vcci (Pin 1) is connected to the 
Programmer ( + 6.0V) during 
programming only. 

Vcci = GND (Read only) = Pin 1 
Vcc2 = GND = Pin 16 
VEE = Pin 8 


AO 


01 

A1 



A2 


02 

A3 



A4 


03 

AS 



A6 


04 

A7 

CS 
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Section 7 


MOS ROMs 


Program storage for microprocessors has become the 
fastest growing area of ROM application. As the per- 
formance of microprocessors and the sophistication 
of users increase, so will the requirements for large 
amounts of program storage. Also influencing larger 
ROM sizes is the trend toward higher level languages 
for microcomputers. The MAXI-ROM is a perfect vehi- 
cle for “Silicon Software” — which is National’s name 
for putting high level languages such as INS8080A 
BASIC, PACE BASIC, and NIBL (National Industrial 
Basic Language) for the INS8060 (SC/MP) into mask- 
encoded ROM at a reasonable cost. Refer to 
National’s Memory Applications Handbook for data 
on using the pin-compatible series of MAXI-ROMs. 





National 

MM Semiconductor 

MM5213 2048-Bit (256 x 8 or 512 x 4) ROM 


MOS ROMs 


General Description 

The MIV15213 is a 2048-bit static read only mem- 
ory. It is a P-channel enhancement mode mono- 
lithic MOS integrated circuit utilizing low thresh- 
old voltage technology. The device is a non- 
volatile memory organized as a 256-8 bit words or 
512-4 bit words. Programming of the memory 
contents is accomplished by changing one mask 
during the device fabrication. 

Features 

■ Bipolar compatibility -^5V, -12V operation 

■ High speed operation 600 ns typ 

■ Pin compatible with MM5203 PROM 


Static operation 
Common data busing 

Chip enable output control 
TRI-STATE output 


No clocks required 

Output wire AND 
capability 


Applications 


Code conversion 
Random logic synthesis 
Table look-up 
Character generator 
Microprogramming 


Biock and Connection Diagrams 


Dual-ln-Line Package 




Order Number MM5213J 
See NS Package J24A 

Order Number MM5213N 
See NS Package N24B 


Note: For programming information see Memory Applications Handbook, page 4-6. 
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MM5213 


Absolute Maximum Ratings 


Operating Conditions 


Vll Supply Voltage Vss - 20V 

Vqd Supply Voltage Vss ~ 20V 

Input Voltage (Vss - 20) V < V,n < (Vss + 0-3) V 
Storage Temperature -65Cto+150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Vss - 20V Operating Temperature 
Vss - 20V 


Electrical Characteristics positive logic (Note d 


PARAMETER 


Output Current Capability 
Logical "1" 

Logical "0" 

Input Voltage Levels 
Lpgical "0" 

Logical "1" 

Power Supply Current 
Iss (Note 2) 


Input Leakage 

Input Capacitance (Note 5) 

Address Time 
^access 


Output AND Connections (Note 4) 


CONDITIONS 


VouT- 2.4V 
Vout = 0.4V 


Ta = 25 C 
Vss = +5V 
Vll = Vod = -12V 


f = 1.0MHz, V|| 


Ta = 25"C, Vss = +5-0V 
Vqg = ^00 ~ -12.0V 



Note 1; These specifications apply for Vgg = +5.0V ±5%, V|_l = —12V, T^ = — 25°C to +70°C unless otherwise specified. 

Note 2; Outputs open. 

Note 3: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
Note 4: The address time in the TTL load configuration follows the equation; T/^cqesS “ The specified limit + (N - 1) (25) 
ns. Where N = Number of AND connections. 


Note 5: Capacitances are measured on a lot sample basis only. 

Typical Applications (Continued) 



Operating Modes 

256x8 ROM connection (shown) 

Mode Control — Logic "1" 

Ag — Logic "0” 

512x4 ROM connection 
Mode Control — Logic "0" 

Ag — Logic "I” Enables the odd 

(Bi, B3 . . . Bg) outputs 
— Logic "0" Enables the even 
(B2, B4 . . . Bg) outputs. 

The outputs are "Enabled” when a logic "0" is 
applied to the Chip Enable line. 

Mode Control should be "hard wired" to Vn_ 
(Logical "0") or Vgg (Logical "1"). 
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^ National 
2l!2i Semiconductor 


MOS ROMs 


MM5214 4096-Bit (512 x 8) ROM 


General Description 

The MM5214 4096-bit static read only memory 
is a P-channel enhancement mode monolithic 
MOS integrated circuit utilizing a low threshold 
voltage technology to achieve bipolar compatibility. 
TRI-STATE® outputs provide wire ORed capabil- 
ity without loading common data lines or reducing 
system access times. The ROM is organized in a 
512 word X 8-bit memory organization. 


Customer programs may be submitted for produc- 
tion in a paper tape or punched card format. 


with MM5204 PROM 


Features 

■ Pin compatible 

■ Bipolar compatibility 

■ Standard supplies 

■ Bus ORable output 

■ Static operation 


No external 
components required 
-i-5.0V,-12V 
TRI-STATE outputs 
No clocks required 


Applications 

■ Character generator 

■ Random logic synthesis 

■ Microprogramming 

■ Table look-up 


Logic and Connection Diagrams 





Timing Diagram/Address Time 



Dual-In-Line Package 



Order Number MIVI5214J 
See NS Package J24A 

Order Number MI\/I5214N 
See NS Package N24B 


E,n either or 




Note: For programming information see Memory Applications Handbook, page 4-6. 
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MM5214 


Absolute Maximum Ratings Operating Conditions 

V| 3|3 Supply Voltage Vss “ 20V Operating Temperature Range -25°C to ,+70°C 

Input Voltage (Vgs - 20) V < V,n < (Vgs + 0.03) V 

Storage Temperature Range -65 C to +150 C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electricai Characteristics positive logic 


Ta within operating temperature range, Vss = +5.0V ±5%, Vqq =-12V ±5%, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage Levels 






Logical Low Level (V||_) 

li_ = 1.6 mA Sink 



0.4 

V 

Logical High Level (V|h) 

II = lOOpA Source 

2.4 



V 

Input Voltage Levels 






Logical Low Level (Vl) 




Vss-4.0 

V 

Logical High Level (Vh) 


Vss“2.0 



V 

Power Supply Current 

Vss = 5.0V, Voo = -12V, Ta = 25°C 


23 

37 

mA 

dss) (Note 4) 






Input Leakage 

V,N =Vss-10V 



1.0 

^lA 

Input Capacitance (Note 1) 

f = 1.0 MHz, V|N =0V 


5.0 

10 

pF 

Output Capacitance (Note 1) 

f= 1.0 MHz,V|n =0V 


4.0 

10 

PF 

Address Time (Taccess) (Note 2) 

Voo = “12V, Vss = 5.0V, Ta = 25°C 

150 


1000 

ns 

Output AND Connections (Note 3) 




20 



Note 1: Capacitances are measured periodically only. 

Note 2: Address is measured from the change of data on any input or chip enable line to the output of a TTL gate. (See 
Timing Diagram.) 

Note 3: The address time follows the following equation: T/^cCESS “ specified limit + (N-1) x 25 ns where N = Number 
of AND connections. 

Note 4; Outputs open. 

Note 5: Positive true logic notation is used. Logic "1" = most positive voltage level. Logic "0” = most negative voltage level. 
Note 6: Chip Is enabled when Chip Select is low. 


Typical Performance Characteristics 

Guaranteed Access Time 



1B.2 17.0 17.8 

Vss + IVddKV) 

Power Supply Current 
vs Temperature 



Typical Access Time 
vs Supply Voltage 



Power Supply Current 
vs Voltage 


- 



--- 












- 



— 

-- 
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-- 
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TEMPERATURE (°C) 


16.2 17.0 17.8 

Vss + lVoD> (VI 


















^ National 

Semiconductor 


MOS ROMs 


MM5220 1024-Bit (128 x 8 or 256 x 4) ROM 


General Description 

The MM5220 is a 1024-bit static read only mem- 
ory. It is a P-channel enhancement mode mono- 
lithic MOS integrated circuit utilizing low thresh- 
old voltage technology. The device is a non- 
volatile memory organized as 128-8-bit words or 
256-4-bit words. Programming of the memory con- 
tents is accomplished by changing one mask during 
the device fabrication. Customer programs may be 
supplied in a tape, card, or pattern selection format. 

Features 

■ Bipolar compatibility 

■ High speed operation 500 ns typ 


■ Static operation no clocks required 

■ Common data busing output wire AND 

capability 

■ Chip enable output control. 

Applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Charact 0 generators 

■ Microprogramming 


Block and Connection Diagrams 


SENSE AUPIIEIERS OUTPUTS 

8, LSB 



Dual-ln-Line Package 



Order Number MM5220J 
See NS Package J24A 

Order Number MM5220N 
See NS Package N24B 



Note: For programming information see Memory Applications Handbook, page 4-6. 
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MM5220 


Absolute Maximum Ratings 


Operating Conditions 


Vqg Supply Voltage Vss— 30V Operating Temperature 0°C to +70°C 

Vdd Supply Voltage Vss-15V 

Input Voltage (Vgs -20)V < V,n < (Vgs +0.3)V 

Storage T emperature -65°C to +1 50°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Electrical Characteristics 

Ta within operating temperature range, Vss = +12V +5% and Vgg = -12V ±5%, unless otherwise specified. 


PARAMETER 

CONDITION 

MIN 


MAX 

UNITS 

Output Voltage Levels 






MOSto MOS 






Logical "1" 
Logical "0" 

1 Mf2 to GND Load (Note 1) 

< 

1 

o 


Vss -9-0 

V 

V 

MOSto TTL 






Logical "1" 

6.8 kfl to Vqg Plus One 



+0.4 

V 

Logical "0" 

Standard Series 54/74 Gate Input 

+2.4 



V 

Input Voltage Levels 






Logical "1" 




Vss -8.0 

V 

Logical "0" 


Vss "2.0 



V 

Power Supply Current 

Ta = 25°C 





Vss 



19 

25 

mA 

Vgg (Note 1) 




1 

pA 

Input Leakage 

V,N =Vss-12V 



1 

pA 

Input Capacitance 

f= 1.0 MHz V|N = 0V 


5 


PF 

Access Time (Notes 2, 3) 

Ta = 25°C 





Taccess 

(See Timing Diagram) 

Vss = +12V Vgg = -12V 

150 

500 

650 

ns 

Output AND Connection 

MOS Load 
TTL Load 



3 

8 



Note 1: The Vqq supply may be clocked to reduce device power without affecting access time. 

Note 2; Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
See Timing Diagram. 

Note 3: The access time in the TTL load configuration follows the equation; TacCESS “ specified time + (N - 1 ) (50) ns 
where N = number of AND connections. 
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MM5220 


Typical Application 


128-8 Bit ROM Showing TTL Interface 



Operating Modes 

128x8 ROM connection 
Mode Control — Logic "0" 

As - Logic "1" 

256x4 ROM connection 
Mode Control — Logic "1" 

Ag — Logic "0" Enables the odd 

(Bi . . . 87 ) outputs 
— Logic "1" Enables the even 
(82 . . . 83 ) outputs. 

The outputs are "Enabled" when a logic "1" is 
applied to the Chip Enable line. 

The outputs are connected to Vqd through an 
internal MOS resistor when "Disabled." 

The logic levels are in negative voltage logic notation. 
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MOS ROMs 


MM5221 1024-Bit (128 x 8 or 256 x 4) ROM 


General Description 

The MM5221 is a 1024-bit static read only mem- 
ory. It is a P-channel enhancement mode mon- 
olithic MOS integrated circuit utilizing low thresh- 
old voltage technology. The device is a non- 
volatile memory organized as 128-8 bit words or 
256-4-bit words. Programming of the memory 
contents is accomplished by changing one mask 
during the device fabrication. 


Features 

■ Bipolar compatibility 

■ High speed operation 


-t5V, -12V operation 
<700 ns typ 


■ Static operation 

■ Common data busing 

■ Chip enable output control 

Applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generators 

■ Microprogramming. 


no clocks required 

output wire AND 
capability 


Block and Connection Diagrams 



Dual-ln-Line Package 



Order Number MM5221J 
See NS Package J24A 

Order Number MM5221N 
See NS Package N24B 


Note: For programming information see Memory Applications Handbook, page 4-6. 
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MM5221 


Absolute Maximum Ratings 


Operating Conditions 


Vqg Su pply Voltage Vss - 20V Operating Temperature 0°Cto+70°C 

Vqq Supply Voltage Vss “ 20V 

Input Voltage (Vss “ 20)V < V|m < (Vss +0.3)V 

Storage Temperature -65 C to +150 C 

Lead Temperature (Soldering, 10 sec) 300°C 


Electrical Characteristics 

Ta within operating temperature range, Vss ~ +5V +5%, Vqq = Vqd “ -12V ±5%, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage Levels 






MOS to TTL 






Logical "1" 

6.8 ±5% to Vqq Plus One 



+0.4 

V 

Logical "O” 

Standard Series 54/74 Gate 

+2.4 



V 

Output Current Capability 






Logical "0" 

^ouT - 2.4V 

2.5 



mA 

Input Voltage Levels 






Logical "1" 




Vss -4.2 

V 

Logical "0” 


Vss - 2.0 



V 

Power Supply Current 

Ta 25°C 





•dd 

Vss = +5V 


6.5 

12.0 

mA 

Iqg (Nol6 1 ) 

Vgg = Vdd = -12V 



1 

^A 

Input Lealtage 

V,N = Vss - 12V 



1 


Input Capacitance 

f = 1.0 MHz, V|N = OV 


5 


pF 

Vqg Capacitance (Note 4) 

f = 1.0 MHz, V|N = OV 


15 

25 

pF 

Address Time (Note 2) 

See Timing Diagram 





Taccess 

Ta = 25°C, 

Vss = 5V 

Vgg - Vqo = -12V 


700 

950 

ris 

Output AND Connections 

6.8 kfi ±5% to Vqg Plus One 



8 


(Note 3) 

Standard Series 54/74 Gate 






Note 1 : The Vqq supply may be clocked to reduce device power without affecting access time. 

Note 2: Address time is measured from the change of data on any input except mode control or Chip 
Enable line to the output of a TTL gate. (See Timing Diagram). See curves for guaranteed limit 
over temperature. 

Note 3: The address time in the TTL load configuration follows the equation: 

TaCCESS “ The specified limit + (N - 1) (50) ns 
Where N = Number of AND connections. 

Note 4; Capacitance guaranteed by design. 
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Performance Characteristics 


Power Supply Current vs 
Power Supply Voltages 


Power Supply Current vs 
Ambient Temperature 


AMBIENT TEMPERATURE ( Cl 


Typical Access Time vs 
Power Supply Voltages 


Guaranteed Access Time \ 
Power Supply Voltages 



Timing Diagram/Address Time 


:j~l 


ANYTTL/OTL ““ 10 pf 
CATE 


i tOpF^~ ANYTTL/DIL — 15 nf 
6 UK S CATE 
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MM5221 


Typical Application 


128-8 Bit ROM Showing TTL Interface 


"^See 


T 


— 
T > — 

-t 

operating mode notes. 



T 



ANY DU/TTL 
LOGIC 


i 


Operating Modes 

128x8 ROM connection 
Control — Logic “O" 

Ag - Logic "1" 

256x4 ROM connection 
Control — Logic "1 '' 

Ag — Enables the odd (Bi ... 87) or even 
(82 . . . Bg ) outputs. 

The outputs are "Enabled" when a logic "1" is 
applied to the Chip Enable line. 

The outputs are connected to ground through an 
internal MOS resistor when "Disabled." 

Logic levels are negative true MOS logic. 

Mode control should be "hard wired" to either 
Vdd (logical "1") or Vss (logical "0"). 

The logic levels are in negative voltage logic notation. 
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National 

jDI Semiconductor 


MOS ROMs 


MM5230 2048-Bit (256 x 8 or 512 x 4) ROM 


General Description 

The MM5230 is a 2048-bit static read only mem- 
ory. It is a P-channel enhancement mode mono- 
lithic MOS integrated circuit utilizing low thresh- 
old voltage technology. The device is a non- 
volatile memory organized as 256-8 bit words or 
512-4 bit words. Programming of the memory con- 
tents is accomplished by changing one mask during 
the device fabrication. Customer programs may be 
supplied in a tape, card, or pattern selection format. 

Features 

■ Bipolar compatibility 

■ High speed operation 500 ns typ 


■ Static operation no clocks required 

■ Common data busing output wire AND 

capability 

■ Chip enable output control. 

Applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generators 

■ Microprogramming. 


Block and Connection Diagrams 



Dual-ln-Line Package 



Order Number MM5230J 
See NS Package J24A 

Order Number MM5230N 
See NS Package N24B 



Note: For programming information see Memory Applications Handbook, page 4-6. 
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MM5230 






MM5230 


Absolute Maximum Ratings 


Operating Conditions 


Vqg Supply Voltage Vss~ 30V Operating Temperature 0°C to +70°C 

Vqd Supply Voltage Vss~15V 

Input Voltage (Vss -20)V < V,n < {Vgs +0.3) V 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Electrical Characteristics 

T^ within operating temperature range, Vss “ +12V +5% and Vqg = -12V ±5%, unless otherwise specified. 


PARAMETER 

CONDITION 

MIN 


MAX 

UNITS 

Output Voltage Levels 






MOS to MOS 






Logical''!" 
Logical "0" 

1 to GND Load (Note 1) 

Vss -1 -0 


Vss -9 0 

> > 

MOS to TTL 






Logical "1" 

6.8 kfl to Vqg Plus One 



+0.4 

V 

Logical "0" 

Standard Series 54/74 Gate Input 

+2.4 



V 

Input Voltage Levels 






Logical 




p 

00* 

1 

> 

V 

Logical “0" 


Vss -2.0 



V 

Power Supply Current 

T^ = 25°C 





Vss 



24 

40 

mA 

Vqg (Note 1) 




1 

pA 

Input Leakage 

V,n = Vss-12V • 



1 

ma 

Input Capacitance 

f= 1.0 MHz V,N = 0V 


5 


pF 

Access Time (Notes 2, 3) 

Jfl, = 25°C 





Taccess 

(See Timing Diagram) 

Vss = +12V Vgg = -12V 

150 

500 

725 

ns 

Output AND Connection 

MOS Load 
TTL Load 



3 

8 



Note 1: The Vqg supply may be clocked to reduce device power without affecting access time. 

Note 2: Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
See Timing Diagram. 

Note 3: The access time in the TTL load configuration follows the equation: T/s,cCESS “ the specified time + (N - 1 ) (50) ns 
where N = number of AND connections. 

Note 4: The above logic levels are indicated in negative logic notation. 
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MM5230 





MM5230 


Typical Application 


256 X 8 Bit BOM Showing TTL Interface 



^See operating mode notes. 

*R values can vary from lAHil to 30 kil. 


Operating Modes 

128x8 ROM connection 
Mode Control — Logic "0" 

Ag — Logic "1" 

256x4 ROM connection 
Mode Control — Logic "1" 

Ag — Logic "0" Enables the odd 

(B, . . . B 7 ) outputs 
— Logic "1" Enables the even 
(02 . . . Bs) outputs. 

The outputs are "Enabled" when a logic " 1 " is 
applied to the Chip Enable line. 

The outputs are connected to Vqq through an 
internal MOS resistor when "Disabled." 

The logic levels are in negative voltage logic notation. 
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National 

Semiconductor 


MOS ROMs 


MM5231 2048-Bit (256 x 8 or 512 x 4) ROM 


General Description 

The MM5231 is a 2048-bit static read only mem- 
ory. It is a P-channel enhancement mode mono- 
lithic MOS integrated circuit utilizing low thresh- 
old voltage technology. The device is a non- 
volatile memory organized as a 256-8 bit words or 
512-4 bit words. Programming of the memory 
contents is accomplished by changing one mask 
during the device fabrication. 

Features 

■ Bipolar compatibility -(-5V, -12V operation 

■ High speed operation 640nstyp. 


■ Static operation No clocks required 

■ Common data busing Output wire AND 

capability 

■ Chip enable output control 

Applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generator 

■ Microprogramming 


Block and Connection Diagrams 



t The outputs are open when Disabled. 

* The output is enabled by applying a logic "1“ to the Chip Enable line. 


Oual-ln-Line Package 



Order Number MM5231J 
See NS Package J24A 

Order Number MM5231N 
See NS Package N24B 


Note: For programming information see Memory Applications Handbook, page 4-6. 
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MM5231 


Absolute Maximum Ratings 


Operating Conditions 


Vqg Supply Voltage Vss - 20V Operating Temperature 0°C to +70°C 

Vqq Supply Voltage Vgs - 20V 

Input Voltage (Vss - 20)V < V|n < (Vgs + 0.3)V 

Storage Temperature -65°C to +1 50°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Electrical Characteristics 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage Levels 
MOS to TTL 
Logical "1” 
Logical "0" 

6.8 kS7 ±5% to Vqq Plus One 
Standard Series 54/74 Gate 

2.4 


+0.4 

V 

V 

Output Current Capability 
Logical "0” 

Voux = 2.4V 

2.5 



mA 

Input Voltage Levels 
Logical "1" 
Logical "0” 


Vss “ 2.0 


Vss - 4.2 

V 

V 

Power Supply Current 
'do 

Iqg (Note 1) 

Ta = 25“C 
Vss = +5V 
Vgg = Vqd = -12V 


15 

30 

1 

mA 

ma 

Input Leakage 

V|n = -12V 



1 


Input Capacitance 

f = 1.0 MHz, V|N = OV 


5 


pF 

Vgg Capacitance 

f = 1.0 MHz, V|N = OV 


15 


pF 

Address Time (Note 2) 
^ACCESS 

See Timing Diagram 
Ta = 25°C Vss = +5.0V 
Vgg “ Vqq = -12. OV 


640 

950 

ns 

Output AND Connections 
(Note 3) 

6.8 kS7 ±5% to Vqq Plus One 
Standard Series 54/74 Gate | 



8 



Note 1: These specifications apply for Vgg = +5V ±5%, Vqq = Vqq = —12V ±5%, T^ = -25°C 
to +70°C unless otherwise specified. 

Note 2: The Vqq supply may be clocked to reduce device power without affecting access time. 

Note 3: Address time is measured from the change of data on any input or Chip Enable line to the 
output of a TTL gate. (See Timing Diagram.) See curves for guaranteed limit over temperature. 
Note 4: The address time in the TTL load configuration follows the equation; 

TaccESS ^ specified limit + (N - 1 ) (50) ns. 

Where N = Number of AND connections. 

Note 5: Capacitances are measured on a lot sample basis only. 
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Performance Characteristics 


Guaranteed Access Time (T/^| 
vs Power Supply Voltage 
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Power Supply Current vs 
Power Supply Voltage 
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Timing Diagram/Address Time 
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Typical Access Time (T;^) 
vs Power Supply Voltage 
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Power Supply Current vs 
Ambient Temperature 
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MM5231 


Typical Application 


256 X 8 Bit ROM Showing TTL Interface 



Operating Modes 

256 X 8 ROM connection (shown) 

Mode Control — Logic "0" 

Ag — Logic "1" 

512 X 4 ROM connection 
Mode Control — Logic "1" 

Ag — Logic "0" Enables the odd 

(Bi , Bg . . . Bg) outputs 
— Logic "1” Enables the even 
(Bg, 64 . . . Bg) outputs. 

The outputs are "Enabled" when a logic "1" is 
applied to the Chip Enable line. 

Logic levels are negative true MOS logic. 

Mode Control should be "hard wired" to Vpo 
(Logical "1") or Vgs (Logical "0"). 

The logic levels are in negative voltage logic notation. 
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National 

Semiconductor 


MOS ROMs 


MM5232 4096-Bit (512 x 8 or 1024 x 4) ROM 


General Description 


Features 


The MM5232 4096-bit static read only memory is 
a P-channel enhancement mode monolithic MOS 
integrated circuit utilizing a low threshold voltage 
technology to achieve bipolar compatibility. 
TRI-STATE® outputs provide wire ORed capa- 
bility without loading common data lines or 
reducing system access times. The ROM is organ- 
ized in a 512 word x 8-bit or 1024 word x, 4-bit 
memory organization that is controlled by the 
mode control input. Programmable Chip Enables 
(CEi and CE 2 ) provide logic control of up to 16K 
bits without external logic. A separate output 
supply lead is provided to reduce internal power 
dissipation in the output stages. 


■ Bipolar compatibility 

■ Standard supplies 

■ Bus ORable output 

■ Static operation 

■ Multiple ROM control 

Applications 


No external 
components required 
■t5V, -12V 
TRI-STATE outputs 
No clocks required 

Two-programmable 
Chip Enable lines 


■ Character generator 

■ Random logic synthesis 

■ Microprogramming 

■ Table look-up 


Block and Connection Diagrams 


A, A] A, 



Dual-ln-Line Package 



Order Number MIVI5232J 
See NS Package J24A 

Order Number MM5232N 
See NS Package N24B 


Note; For programming information see Memory Applications Handbook, page 4-6. 
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MM5232 


Absolute Maximum Ratings Operating Conditions 


Vgg Supply Voltage Vgs - 20V Operating Temperature Range 0°C to +70°C 

Vll Supply Voltage Vss~20V 

Input Voltage (Vss - 20) V < V,n < (Vgs + .03)V 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Electrical Characteristics (Positive Logic) 


Ta within operating temperature range, Vss = +5.0V ±5%, Vqg = Vll = ■"12V ±5%, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage Levels 
Logjcal “O”, Vql 
L ogical "1 ”, Vqh 

II = 1.6 mA Sink 
II = 100 pA Source 

2.4 


.4 

< < 

Input Voltage Levels 
Logical ”0”, V]l 
L ogical “1”, V|h 


Vgg 

Vss - 2.0 


Vss - 4.0 
Vss + 0.3 

< < 

Power Supply Current 
Iss (Note 4) 

Vss = 5, Vgg = -12, Vll = -12, Ta = 25°C 


23 

37 

mA 

Input Leakage 

V,^ = Vss-10V 



1 

pA 

Input Capacitance (Note 1) 

f = 1.0 MHz,V|n = 0V 



15 

pF 

Output Capacitance (Note 1| 

f = 1.0 MHz, V|N = OV 



10 

pF 

Address Time (Note 2) 

Ta = 25°C, Vss = 5 

150 


1000 

ns 

TaCCESS 

Vgg = Vll = -12V 





Output AND Connections (Note 3) 



■ 

20 



Notel: Capacitances are measured periodically only. 

Note 2; Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
(See Timing Diagram.) 

Note 3: The address time follows the following equation: TaccESS “ tlie specified limit + (N - 1 ) x 25 ns where N = Number 
of AND connections. 

Note 4: Outputs open. 


Timing Diagram/Address Time 
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Performance Characteristics 


Guaranteed Access Time vs 
Supply Voltage 



16.2 17.0 t7.8 

Vss + IVggKV) 


Typical Access Time vs 
Supply Voltage 


1200 

125“C ■ 
1000 Ta*70°C: 
25°C : 


16.2 17.0 17.8 

Vss + I Vgg I IV) 


Power Supply Current vs 
Temperature 


Vss -5.0V 

Vgc'Vli— 12V^ 


-SO -25 0 2S SO 75 100 125 
TEMPERATURE (°C) 


Power Supply Current vs 
Voltage 


16.2 17.0 17.8 

Vss + lVooKV) 


Typical Applications 


TTL/MOS Interface 


FIGURE 1. Power Saver for 
Small Memory Arrays 


FIGURE 2. Power Saver for 
Large Memory Arrays 




I I 


ASSUME lIVu IIMIN - H-3V It 
Vcs - Vll min • R (t.6 mA) (N) when N - 7 for S i 
N ■ 8 for 6 X 


Operating Modes 


512 X 8 ROM connection 
Mode Control = V|h 
Aio = V|L 


1024 X 4 ROM connection 
Mode Control = V| i_ 

^10 “ ^IL enables the odd . 
V||-| enables the even (B 2 • 



. By) outputs 
. Bg) outputs 


Note: Both chip enables may be programmed to provide any of four combinations. Example if CE*| = 1 and CE 2 ~ 1 
outputs (Positive Logic) would be enabled only when device pins 2 and 3 are Logic “1 The outputs will be In the 
third state when disabled. 
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MM5240 



National 

Semiconductor 


MOS ROMs 


MM5240 2560-Bit Static Character Generator 


General Description 

The MM5240 2560-bit static read only memory 
is a P-channel enhancement mode monolithic 
MOS integrated circuit utilizing a low threshold 
voltage technology to achieve bipolar compat- 
ibility. TRI-STATE® outputs provide wire ORed 
capability without loading common data lines or 
reducing system access times. The ROM is organ- 
ized in a 64 x 8 word by 5-bit memory organization. 


The MM5240 may be used as a 512 x 5-bit read 
only memory for applications other than charac- 
ter generation. 


Features 

■ Bipolar compatibility 

■ High speed operation— 500 ns max 

■ ±12 volt power supplies 

■ Static operation— no clocks required 

■ Multiple ROM logic application— chip enable 
output control 

■ Standard fonts available-off-the-shelf delivery 

Applications 

■ Character generation 

■ Random logic synthesis 

■ Micro-programming 

■ Table look-up 


Connection Diagram 


Dual-In-Line Package 



Order Number MIVI5240J 
See NS Package J24A 


Order Number MM5240N 
See NS Package N24B 


Typical Application 



I 
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Absolute Maximum Ratings Operating Conditions 


Vqg Supply Voltage Vss - 30V 

Vqd Supply Voltage Vss - 15V 

Input Voltage (Vss “ 20)V < V,m < (Vss +0.3)V 
Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Operating Temperature 0°C to +70°C 


Electrical Characteristics (Note 1 ) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage Levels 






MOS to MOS 






Logical "1" 

IMS2to GND 



Vss - 9.0 

V 

Logical “0" 


Vss - 10 



V 

MOS to TTL 






Logical "1" 

6.8 kJ2 to Vgg 0'^^ 



+0.4 

V 

Logical "0" 

Standard Series 54/74 Gate 

+2.5 



V 

Output Current Capability 






Logical "0" 

Vo UT = Vss -6.0V 

2.5 



mA 

Input Voltage Levels 






Logical “1 " 




Vss -8.0 

V 

Logical "0" 


Vss - 2.0 



V 

Power Supply Current 

Ta = 25°C 





Iqd 

MOS Load 


25 

55 

mA 

Igg (Note 2) 




1 

ItA 

Input Leakage 

V|N = Vss -12V 



1 

/iA 

Input Capacitance (Note 5) 

f = 1.0 MHz, V,N = OV 


5 

8 

PF 

Vgg Capacitance (Note 5) 

f = 1.0 MHz, V,N =0V 


25 

40 

pF 

Address Time (Note 3) 

See Timing Diagram 





Taccess 

Ta = 25°C 

150 

425 

500 

ns 

Output AND Connection 

MOS Load 



4 


(Note 4) 

TTL Load 



10 



Note 1: These specifications apply for Vgg = +12V ±5%, Vqq = —12V ±5%, T^ = 0°C to +70°C unless 
otherwise specified. 

Note 2: The Vqq supply may be clocked to reduce device power without affecting access time. 

Note 3: Address time is measured from the change of data on any input or Chip Enable line to the 
output of a TTL gate. (See Timing Diagram). See curves for guaranteed limit over temperature. 

Note 4; The address time in the TTL load configuration follows the equation: 

TacCESS ~ specified limit + (N - 1 ) (50) ns 
Where N = Number of AND connections. 

The number of AND ties in the MOS load configuration can be increased at the expense of MOS "0" 
level. 


Note 5: Guaranteed by design. 

















MM5240 
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National 

Semiconductor 


MOS ROMs 


MM5241 3072-Bit (64 x 6 x 8) ROM 

General Description Feati 


The MIV15241 3072-bit static read only memory 
is a P-channel enhancement mode monolithic MOS 
integrated circuit utilizing a low threshold voltage 
technology to achieve bipolar compatibility. 
TRI-STATE® outputs provide wire ORed capa- 
bility without loading common data lines or 
reducing system access times. The ROM is organ- 
ized in a 64 X 6 word by 8-bit memory organiza- 
tion. Programmable Chip Enables (CE^ and CE 2 ) 
provide logic control of multiple packages without 
external logic. A separate output supply lead is 
provided to reduce internal power dissipation in 
the output stages. 


Features 

■ Bipolar compatibility 

■ Standard supplies 

■ Bus ORable output 

■ Static operation 

■ Multiple ROM control 

Applications 

■ Character generator 

■ Random logic synthesis 

■ Microprogramming 

■ Table look-up 


No external 
components required 

-I-5V, -12 V 
TRI-STATE outputs 
No clocks required 

Two programmable 
Chip Enable lines 


Block and Connection Diagrams 


Dual-ln-Line Package 




Order Number MM5241J 
See NS Package J24A 


Order Number MM5241N 
See NS Package N24B 


Typical Applications 


TTL/MOS Interface 


FIGURE 1. Power Saver for 
Small Memory Arrays 


FIGURE 2. Power Saver for 
Large Memory Arrays 





Note: Both chip enables may be programmed to provide any of four combinations. Example: If CE-] = 1 and CE 2 = 1 outputs 
(Negative Logic) would be enabled only when device pins 2 and 3 are negative (Logic "1"). The outputs will be in the third state 
when disabled. Lg, Li and L 2 (device pins 11,13 and 14) are in positive logic (1 = most positive voltage levels = Vs — 2V; 0 = 
most negative voltage level = Vss — 4V). 

Note: For programming information see Memory Applications Handbook, page 4-6. 
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MM5241 


Absolute Maximum Ratings Operating Conditions 


Vqg Supply Voltage Vss-20V 

Vll Supply Voltage Vss ~ 20V 

Input Voltage (Vss - 20) V < V,n < (Vss + -03)V 
Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Electrical Characteristics (Negative Logic) (Note 5) 


Ta within operating temperature range, Vss "" +5.0V ±5%, Vqq = = -12V ±5%, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage Levels 






Logicar'1" 

li_ = 1.6 mA sink 



.4 

V 

Logical "0" 

II = 100 pA source 

2.4 



V 

Input Voltage Levels 






Logicar'l" 




< 

b 

V 

Logical "0" 


o 

1 

> 



V 

Power Supply Current 






Iss (Note 4) 

Vss = 5, Vgg = -12, Vui = -12 , Ta = 25°C 


23 

50 

mA 

Input Leakage 

V,M = Vss- 10V 



1 

pA 

Input Capacitance (Note 1) 

i= 1.0MHt,V|N = OV 


5 

15 

pF 

Output Capacitance (Note 1) 

f= 1.0 MHz, V|N = 0V 


4 

10 

pF 

Address Time (Note 2) 

Ta = 25°C, Vss = 5 

150 

700 

900 

ns 

ACCESS 

Vgg' Vll = -12V 





Output AND Connections (Note 3) 




20 



Note 1 : Address time is measured from the change of data on any input or Chip Enable line to the output of a TTL gate. 
(See Timing Diagram.) See curves for guaranteed limit over temperature. 

Note 2; Capacitances are measured periodically only. 

Note 3:. The address time follows the following equation: TaccESS =the specified limit + (N - 1) x 25 ns where N = Number 
of AND connections. 

Note 4: Outputs open. 

Note 5: All addresses and outputs are in negative true logic with the exception of Lq, Li, and \-2 which are in positive logic. 


Operating Temperature Range -25°C to +70°C 
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Performance Characteristics 


Typical Access Time vs 
Supply Voltage 



16.2 12.6 17.t 

Vss + IVggI(VI 


Guaranteed Access Time vs 
Supply Voltage 


1200 I25°C 

T*=70"C 
1000 25" C 



16.2 17.0 17.8 

Vss + IVggI(V) 


Power Supply Current 
vs Temperature 


Vss = 5.0V 

Vgo = V.. =-12V- 


Power Supply Current 
vs Voltage 


-SO -25 0 25 50 75 100 125 

TEMPERATURE ("Cl 


16.2 17.0 17.8 

Vss * I VcG I (V) 


Timing Diagram/Address Time 
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MM52116(2316E) 


^ National 
£jm Semiconductor 


MOS ROMs 


MM52116(2316E) 16,384-Bit Read Only Memory 


General Description 

The MM52116 is a static MOS 16,384-bit read-only 
memory organized in an 2048-word-by-8-bit format. 
It is fabricated using N-channel enhancement and 
depletion-mode technology which provides complete 
DTL/TTL compatibility and single power-supply opera- 
tion. 

Three programmable chip selects controlling the TRI- 
STATE'^ outputs allow for memory expansion. 

Programming of the memory array and chip-select 
active levels is accomplished by changing two masks 
during fabrication. 


Features 

■ Fully decoded 

■ Single 5V power supply ±10% tolerance 

■ Inputs and outputs TTL compatible 

■ Outputs drive 2 TTL loads and 100 pF 

■ Static operation 

■ TRI-STATE outputs for bus interface 

■ Programmable chip selects 

■ 2048-word-by-8-bit organization 

■ Maximum access time — 450 ns 

■ Industry standard pin outs (2316E) 

■ Compatible to standard EPROMs 


Applications 

■ Microprocessor instruction store 

■ Control logic 

■ Table look-up 


Biock and Connection Diagrams 


Dual-ln-Line Package 




Order Number MM52116D 
See NS Package D24C 
Order Number MM52116N 
See NS Package N24B 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin —0.5V to +7 ,0V 

Storage Temperature Range — 65°C to +150°C 

Power Dissipation IW 

Lead Temperature (Soldering, 10 seconds) 300°C 


Operating Conditions 

Operating Temperature Range 


DC Electrical Characteristics 

(Ta within operating temperature range, Vqc = 5V ±10%, unless otherwise specified). 



PARAMETER 
(Note 2) 


Input Current 
Logical "1" Input Voltage 
Logical "1" Input Voltage 
Logical "0” Input Voltage 
Logical "1" Output Voltage 
Logical "0" Output Voltage 
Output Leakage Current 
Output Leakage Current 
Power Supply Current 


CONDITIONS 


V|N = 0 to Vcc 

0°C 

-40°C 

Iqh “ “400 /iA 
Iql “ 3.2 mA 

VoUT “ 4V, Chip Deselected 
VoUT “ 0.45V, Chip Deselected 

All Inputs = 5.25V, Data 
Output Open 


Capacitance 




PARAMETER 

CONDITIONS 


(Note 3) 

C|N 

Input Capacitance (All Inputs) 

V|N = OV, Ta = 25“C, 



f = 1 MHz, (Note 2) 

cqut 

Output Capacitance 

VoUT= OM, Ta= 25°C, 
f = 1 MHz, (Note 2) 



AC Electrical Characteristics 

(Ta within operating temperature range, V^C = ±10%, unless otherwise specified). See AC test circuit and switching time 

waveforms. 


PARAMETER 


CONDITIONS 



Chip Select Access Time See AC Test Circuit; tAC srid tA Measured to 
Output Turn OFF Delay '-evels with V and tf of Input 

<20 ns, toFF Measured to <±20 ijA Output 
Address Access Time Current 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Positive true logic notation is used: logical "1" = most positive voltage level, logical "0" = most negative voltage level. 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4; Typical values are for T = 25"C and nominal supply voltage. 
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MM52116(2316E) 


Switching Time Waveforms and AC Test Circuit 

2.0V 
ADDRESS 
0.8V 

2.0V 

CHIP SELECT 
0.8V 

VOH 
DUTPUT 

Vdl 


FIGURE 1. Address Precedes Chip Select 

2.0V 
ADDRESS 
0.8V 

2.0V 

CHIP SELECT 
0.8V 

VOH 
OUTPUT 
Vql 

FIGURE 2. Address Follows Chip Select 

6V 

Rl 

1.66k 


Includes jig capacitance 

ROM Programming information 


ROM programs for the MM52116 can be supplied to handled internally via a sophisticated computerized 
National in a number of means; system. The original input device (PROM, tape, etc.) is 

A. 2708 PROM sets read, the data is reprocessed to formats required by 

B 2516 PROM (or equivalent) various production machines, and the final reconstructed 

^ , ■ . . data is then compared back to the original input device. 

C. 2716 PROM (or equivalent) ^ a k 

D. Intellec HEX punched paper tape The verification package returned to the customer for 

^ approval will consist of a listing of the program and a 

inary punc e paper ape PROM or tape which matches the data National will use 

Since the MM521 16 has programmable chip selects, it is ^he programmed MM52116. In a normal 

imperative that chip select information be provided situation, the verification package returned to the cus- 

along with the ROM program. The information should tomer for approval, because of the system described, 

be supplied as shown: consist of the original PROM or tape submitted by 

CS1 is to be programmed logical (Hi or Lo) the customer. This program data, now in National's 

CS2 is to be programmed logical (Hi or Lo) production format, is stored in archives for future cus- 

CS3 is to be programmed logical ^(Hi or Lo) tomer re-orders. 

Given any of the above means of program data is re- 
ceived by National, verification of ROM programs is 
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^ National 
SlA Semiconductor 


MOS ROMs 


MM52132 32,768-Bit (4096 x 8) MAXI-ROM™ 


General Description 

The MM52132 is a static MOS 32,768-bit read-only 
memory organized in a 4096-word-by-8-bit format. 
It is fabricated using N-channel enhancement and 
depletion-mode technology which provides complete 
DTL/TTL compatibility and single power-supply opera- 
tion. 

Two programmable chip selects controlling the TRI- 
STATE® outputs allow for memory expansion. 

Programming of the memory array and chip-select 
active levels is accomplished by changing two masks 
during fabrication. 


Features 

■ Fully decoded 

■ Single 5V power supply +10% tolerance 

■ Inputs and outputs TTL compatible 

■ Outputs drive 2 TTL loads and 100 pF 

■ Static operation 

■ TRI-STATE outputs for bus interface 

■ Programmable chip selects 

■ 4096-word-by-8-bit organization 

■ Maximum access time — 450 ns 

■ Industry standard pin outs 

Applications 

■ Microprocessor instruction store 

■ Control logic 

■ Table look-up 


Block and Connection Diagrams 


Dual-In-Line Package 




Order Number MM52132D 
See NS Package D24C 
Order Number MM52132N 
See NS Package N24B 
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MM52132 


Absolute Maximum Ratings (Notei) Operating Conditions 

Voltage at Any Pin -0.5V to +6. 5V Operating Temperature Range 0°Cto+70°C 

Storage Temperature Range -65°C to +1 50°C 

Power Dissipation 1W 

Lead Temperature (Soldering, 10 seconds) 300°C 


DC Electrical Characteristics 

(Ta within operating temperature range, V^C “ 5V ±10%, unless otherwise specified). 


PARAMETER 
(Note 2) 

CONDITIONS 

MIN 

TYP 
(Note 4) 

MAX 

UNITS 

ILI 

Input Current 

V|N = 0 to Vcc 



10 

pA 

V|H 

Logical "1" Input Voltage 


2 


VcC+10 

V 

V|L 

Logical "0" Input Voltage 


-0.5 


0.8 

V 

VOH 

Logical "1" Output Voltage 

IqH = -200 pA 

■1 



V 

VOL 

Logical "0" Output Voltage 

IqL ~ 3.2 mA 



0.4 

V 

ILOH 

Output Leakage Current 

VoUT ” 4V, Chip Deselected 



10 

pA 

Ilol 

Output Leakage Current 

VouT ~ 0.45V, Chip Deselected 



-20 

IJ.A 

icci 

Power Supply Current 

All Inputs = 5.25V, Data 
Output Open 

■ 

100 

130 

mA 


Capacitance 


PARAMETER 
(Note 3) 

CONDITIONS 

MIN 

TYP 
(Note 4) 

MAX 

UNITS 

C|N 

Input Capacitance (All Inputs) 

V|N = OV, Ta = 25° C, 



mm 

pF 



f = 1 MHz, (Note 2) 



mM 


COUT 

Output Capacitance 

VoUT = OV, Ta = 25°C, 




pF 



f = 1 MHz, (Note 2) 



■i 



AC Electrical Characteristics 

(Ta within operating temperature range, V^c “ 5V ±10%, unless otherwise specified). See AC test circuit and switching time 
waveforms. 


PARAMETER 

CONDITIONS 

MIN 

TYP 
(Note 4) 

MAX 

UNITS 

tAC 

Chip Select Access Time 

See AC Test Circuit. All Times (Except tQFF) 



120 

ns 

tOFF 

Output Turn OFF Delay 

Measured to 1 .5V Level with tr and tf of 



100 

ns 



Input < 20 ns, (Figures 1 and 2), tQFF TRI-STATE 





tA 

Address Access Time 

Output Level Measured to Less than ±20 pA 



450 

ns 



Output Current 

n 

H 




Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Positive true logic notation is used: logical "1 " = most positive voltage level, logical "0” = most negative voltage level. 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4: Typical values are for T/^ = 25° C and nominal supply voltage. 
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AC Test Circuit and Switching Time Waveforms 



Includes jig capacitance 





' DATA 


FIGURE 1. Address Precedes Chip Select 


FIGURE 2. Address Follows Chip Select 


Custom ROM Programming 

INFORMATION NEEDED 

So that National can better serve its customers, the following information must be submitted with each ROM order. 

National Semiconductor Corporation | NATIONAL PART NUMBER 


National Semiconductor Corporation 

2900 Semiconductor Dr., Santa Clara, CA. 95051 

Phone (408) 737-5000 TWX 910-339-9240 


ROM LETTER CODE (NATIONAL USE ONLY) 


CUSTOMER PRINT OR ID NO. 


CITY 

STATE ZIP 

PURCHASE ORDER NO. 

TELEPHONE 

NAME OF PERSON NATIONAL CAN CONTACT (PRINT) 

AUTHORIZED SIGNATURE 

DATE 

CHIP SELECT INFORMATION ♦ 

LOGIC 

□ POS □ MEG 


Tape Entry Format 


Punched 
Paper Tape 


A. Binary Complement Format 


000 

0 0 0 

-■ Bill 

00 

00 0 0 


000 

0 0 0 


000 

0 0 0 


0 00 

00 0 


000 

00 0 


0 0 

0 0 0 0 


00 

0 0 0 0 

— Bits 


' Word 3 Complement 

I Word 3 

1——^— Word 2 Complement 
I Word 2 

* Word 1 Complement 

* Word 1 

Start 

POSITIVE Logic: A punch is a "V* or most positive voltage. Omission of a punch 

is a "0" or the more negative voltage. 


Pre-Programmed PROM 


B. Hex Format (Intel Standard Hex) 

2708 

2716 

Or combinations of the above to make 16k, 32k 
or 64k bits. 
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MM52164 



National 

Semiconductor 


MOS ROMs 


MM52164 65,536-Bit (8192 x 8) MAXI-ROM™ 


General Description 

The MM52164 is a static MOS 65,536-bit read-only 
memory organized in an 8192-word by 8-bit format. 
It is fabricated using N-channel enhancement and 
depletion-mode technology which provides complete 
DTL/TTL compatibility and single power-supply opera- 
tion. 

One programmable chip select controlling the TRI- 
STATE® outputs allow for memory expansions. 

Programming of the memory array and chip-select 
active levels is accomplished by changing two masks 
during fabrication. 


Features 

■ Fully decoded 

■ Single 5V power supply ±10% tolerance 

■ Inputs and outputs TTL compatible 

■ Outputs drive 2 TTL loads and 100 pF 

■ Static operation 

■ TRI-STATE outputs for bus interface 

■ Programmable chip select 

■ 8192-word-by-8-bit organization 

■ Maximum access time — 450 ns 

■ Industry standard pin outs 

Applications 

■ Microprocessor instruction store 

■ Control logic 

■ Table look-up 


Block and Connection Diagrams 


Dual-ln-Line Package 




Order Number MM52164D 
See NS Package D24C 
Order Number MM52164N 
See NS Package N24B 
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Absolute Maximum Ratings (Note d 

Voltage at Any Pin -0.5V to +6.5V 

Storage Temperature Range -65°C to +1 50°C 

Power Dissipation IW 

Lead Temperature (Soldering, 10 seconds) 300°C 


Operating Conditions 

Operating Temperature Range 


0 C to +70 C 


DC Electrical Characteristics 

(Ta within operating temperature range, Vcc ~ 5V ±10%, unless otherwise specified). 


PARAMETER 
(Note 2) 


Input Current 
Logical "1" Input Voltage 
Logical "0" Input Voltage 
Logical "1" Output Voltage 
Logical "0" Output Voltage 
Output Leakage Current 
Output Leakage Current 
Power Supply Current 


Capacitance 


CONDITIONS 


V|N = 0 to Vcc 


IqH = -200 pA 

Iql “ 2-2 rriA 

VoUT “ Chip Deselected 
^OUT ” 0.45V, Chip Deselected 
All Inputs = 5.25V, Data 
Output Open 




PARAMETER 
(Note 3) 

CONDITIONS 

C|N 

Input Capacitance (All Inputs) 

V|N = OV, Ta = 25°C, 
f = 1 MHz, (Note 2) 

COUT 

Output Capacitance 

VoUT = OV, Ta = 25‘’C, 



f = 1 MHz, (Note 2) 



AC Electrical Characteristics 

(Ta within operating temperature range, Vcc ~ 5V ±10%, unless otherwise specified). See AC test circuit and switching time 
waveforms. 


PARAMETER 

CONDITIONS 

fAC 

tOFF 

tA 

Chip Select Access Time 
Output Turn OFF Delay 
Address Access Time 

See AC Test Circuit. All Times (Except tQFF) 
Measured to 1 .5V Level with tf and tf of 
Input < 20 ns, (Figures 1 and 2), tQFF TRI-STATE 
Output Level Measured to Less than ±20/iiA 
Output Current 


TYP 
(Note 4) 


MAX UNITS 





Note 1; "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Positive true logic notation is used: logical "1" = most positive voltage level, logical "0" = most negative voltage level. 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4; Typical values are for T/^ = 25°C and nominal supply voltage. 
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AC Test Circuit and Switching Time Waveforms 




FIGURE 1. Address Precedes Chip Select FIGURE 2. Address Follows Chip Select 


Custom ROM Programming 

INFORMATION NEEDED 

So that National can better serve its customers, the following information must be submitted with each ROM order. 

National Semiconductor Corporation 
2900 Semiconductor Dr.. Santa Clara. CA. 95051 
Phone (408) 737-5000 TWX 910-339-9240 


DATE , 

CUSTOMER PRINT OR ID NO. 
PURCHASE ORDER NO. 

IRE DATE 

□ POS □ NEG 




Tape Entry Format 

A. Binary Complement Format 



POSITIVE Logic: A punch is a "1" or most positive voltage. Omission of a punch 
is a "0" or the more negative voltage. 


Pre-Programmed PROM 

B. Hex Format (Intel Standard Hex) 

■ 2708 

■ 2716 

■ Or combinations of the above to make 16k, 32k 
or 64k bits. 
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National 

Semiconductor 


MOS ROMs 

PREVIEW 


MM52264 MAXI-ROM™ 65,536-Bit Clocked 
Read Only Memory 


General Description 

The IVII\/152264 is a clocked MOS 65,536-bit read-only 
memory organized in an 8192-word-by-8-bit format. 
It is fabricated using N-channel enhancement and 
depletion-mode technology which provides complete 
DTL/TTL compatibility and single power-supply oper- 
ation. Programming of the memory array is accom- 
plished by changing two masks during fabrication. 

The MM52264 was designed for those ROM applications 
requiring fast access time and low power dissipation. 
Dynamic circuitry has been used extensively to reduce 
access time. The utilization of a clock input allows 
the device to be put into a low power standby mode 
during inactive periods. The device is put into die 
standby mode by maintaining the clock input CE 
at an input "1" voltage, CE must be maintained at 
a "1" voltage for the minimum specified time (tp) 
to allow for adequate precharging of the internal dy- 
namic circuitry. 

After the address data has been applied to the device, 
a read operation is initiated by bringing CE to an input 
“0" voltage. The fal|ing-edge of CE triggers the gen- 
eration of a series of internal clock signals which latch 
address data in address buffers, decode addresses into 
row and coiumn lines, and enable output sense ampli- 
fiers and buffers. Since the address is latched in address 
buffers, the input address data can be changed during 
a read operation after the address hold time (tAH) 
specification is met. 


Power dissipation increases during a read operation; 
however once the output data is latched in the TRI- 
STATE® output buffers, most of the dynamic cir- 
cuitry is automatically switched off to conserve power. 

The output data remains valid as long as CE is main- 
tained at a "0" voltage level. Switching CE to a "1" 
voltage level will return the device to the standby 
mode and all data outputs to a high impedance OFF 
state. 

Features 

■ Fully decoded 

■ Single 5V power supply ±10% tolerance 

■ Inputs and outputs TTL compatible 

■ Outputs drive 2 TTL loads and 100 pF 

■ Clocked operation 

■ TRI-STATE outputs for bus interface 

■ 8192-word-by-8-bit organization 

■ Maximum access time — 300 ns 

■ Industry standard pin outs 


Applications 

■ Microprocessor instruction store 

■ Control logic 

■ Table look-up 
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Absolute Maximum Ratings (Notei> 

Voltage at Any Pin -0.5V to +6.5V 

Storage Temperature Range -65°C to +150°C 

Power Dissipation 1W 

Lead Temperature (Soldering, 10 seconds) 300°C 


Operating Conditions 

Operating Temperature Range 


0 C to +70 C 


DC Electrical Characteristics 

(Ta within operating temperature range, Vqc “ 5V ±10%, unless otherwise specified). 


PARAMETER 
(Note 3) 


Input Current 
Logical Input Voltage 
Logical "0" Input Voltage 
Logical "1" Output Voltage 
Logical "0" Output Voltage 
Output Leakage Current 
Output Leakage Current 


CONDITIONS 


V|N = 0 to Vcc 


I OH = -200^1 A 
Iql ~ 3.2 mA 

VoUT “ 4V, Chip Deselected 
VoUT ” 0.45V, Chip Deselected 


TYP 
(Note 4) 


Power Supply Standby Current All Inputs = 5.25V, Data 
Output Open 

Power Supply Active Current 


Capacitance 



PARAMETER 
(Note 3) 

CONDITIONS 

C|N 

Input Capacitance (All Inputs) 

V|n = 0V,Ta = 25°C, 
f = 1 MHz, (Note 2) 

COUT 

Output Capacitance 

VoUT = 0V,Ta = 25°C, 
f = 1 MHz, (Note 2) 



MAX 

UNITS 

10 

/jA 

VcC+1-0 

V 

0.8 

V 


V 

0.4 

V 

10 

liA 

-10 

/iA 

15 

mA 

50 

mA 


MAX 

UNITS 

7.5 

pF 

15.0 

pF 


AC Electrical Characteristics 

(Ta within operating temperature range, Vqc = 5V ±10%, unless otherwise specified). See AC test circuit and switching time 
waveforms. 


TYP 

PARAMETER CONDITIONS MIN ... 

(Note 4 


PARAMETER 

CONDITIONS 

MIN 

1C 

CE Cycle Time 

See AC Test Circuit and Figure 1 . 
All Times (Except tQFF) 

450 

tP 

CE Precharge Time 


150 

ICE 

CE Pulse Width 


300 

1AH 

Address Hold Time 
from CE 


50 

IAS 

Address to CE Setup 
Time 


0 

1AC 

CE to Output Access 
Time 



tOFF 

Output Turn OFF 
Delay 

Measured to 1.5V TRI-STATE 
Level with t^ and tf of Input < 20 ns 



MAX 

UNITS 


ns 


ns 


ns 


ns 


ns 

300 

ns 

150 

ns 


Note 1; "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Positive true logic notation is used: logical "1" = most positive voltage level, logical "0" = most negative voltage level. 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4: Typical values are for Ta “ 25°C and nominal supply voltage. 
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Section 8 


Character Generators 



The Character Generators included in this section 
represent very cost effective solutions to problems 
arising in the design and implementation of CRT 
display subsystems. National’s innovations in these 
devices in conjuction with the DP8350 series of CRT 
Controllers have assisted in the growth of this very im- 
portant marketplace. Contact your local National 
representative for costs and other assistance. 








National 

Semiconductor 


Character Generators 


DM8678 Bipolar Character Generator 


General Description 


The DM8678 is a 64-character bipolar character generator 
with serial output designed primarily for the CRT dis- 
play marketplace, and packaged in a standard 16-pin DIP. 
The DM8678 incorporates several CRT system level 
functions, as well asa7x9or5x7 row scan character 
font. The DM8678 performs the system functions of 
parallel to serial shifting, character address latching, 
character spacing and character line spacing. These 
system functions have required extra packages in the 
past. 

Shifted characters can be generated by the on-chip 
subtractor. 


the character addresses "fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

Features 

■ 64-character— row scan 

■ 5x7 or 7x9 font 

■ Shifted lower case descending characters 

■ Serial output 

■ 16-pin package 

■ 16 MHz min clock rate 

■ On-chip input latches 


The cl ear in put and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the line clock and the dot clock are positive edge- 
triggered. When the address latch control signal is high. 


■ On-chip shift register 

■ On-chip dot blanking 

■ On-chip row blanking 

■ TRI-STATE® output 



ROW SCAN 

7x9 

5x7 

FONT 

PACKAGE 

DM8678BWF 

X 

X 


Upper Case Block Letters 

N, J 

DM8678CAE 

X 

X 


Shifted Lower Case Block 

N, J 

DM8678CAB 

X 


X 

Upper Case Block Letters 

N, J 

DM8678CAH 

X 


X 

Shifted Lower Case Block 

N, J 

DM8678CAD 

X 

X 


Kata Kana 

N, J 

DM8678BTK 

X 

X 


Upper Case Script Letters 

N, J 

DM8678CAS 

X 

X 


IBM 3741 Selectric 

N, J 


Block Diagram 


CHARACTER 

ADDRESS 

DECODER 


a 


EDGE- 

TRIGGER 

GENERATOR 


4-BIT LINE 
COUNTER/ 
SHIFTER 


64 X 64 BIT 
FONT 
MATRIX 


9-T0-1 MULTIPLEXER 


m'uvi 


OUTPUT SHIFT REGISTER 


Connection Diagram 

Dual-ln-Llne Package 


Order Number 

DM8678XXX/J * 

See NS Package J1 6A address latch 
CONTROL 

clSar 

LINE CLOCK 
CLOCK CONTROL “H 
GNO 


Order Number 
DM8678XXX/N 
See NS Package N16A 


Logic Symbol 


TRISTATE 

OUTPUT 

BUFFER 


A6 


OUTPUT Enable 
^ OUTPUT 
LOAD Enable 

DOT CLOCK 
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Absolute Maximum Ratings 

Supply Voltage -0.5V to +7V 

Input Voltage i -1.5Vto+5.5V 

Output Voltage -0.5V to +5.5V 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Operating Conditions 

MIN 

MAX 

UNITS 

Supply Voltage (V^q) 

4.75 

5.25 

V 

Ambient Temperature (T/^) 

0 

+70 

°C 

Logical "0" Input Voltage (Low) 

0 

0.8 

V 

Logical "1" Input Voltage (High) 

2.0 

5.5 

V 


DC Electrical Characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

l|L 

Input Load Current, All Inputs 

VcC ~ Max, V|[\j = 0.45V 


-0.8 

-1.6 

mA 

l|H 

Input Leakage Current, All Inputs 

Vcc “ V|N ^ 2.4V 



40 

juA 

1| 

Input Leakage Current, All Inputs 

VcC ^ V|N = 5.5V 



1 

mA 

VOL 

Low Level Output Voltage 

Vcc “ 'OL "16 mA 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 

Vcc " 



0.80 

V 

V|H 

High Level Input Voltage 

Vcc " Min 

2.0 



V 

vc 

Input Clamp Voltage 

Vcc " Min, l|(M = -12 mA 


-0.8 

-1.5 

V 

C|N 

Input Capacitance 

Vcc = 5V, V|N = 2V, Ta = 25°C, 
1 MHz 


4.0 


pF 

Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°C, 
1 MHz, Output "OFF" 


6.0 


pF 

Icc 

Power Supply Current 

Vcc " Max, All Inputs Grounded, 
All Outputs Open 


115 

145 

< 

£ 


TRI-STATE PARAMETERS 


isc 

Output Short-Circuit Current 

Vo = OV, Vcc = Max 

-15 


-50 

mA 

IHZ 

Output Leakage 

Vcc - Max, Vo = 0.45 to 2.4V, 
Chip Disabled 



±40 

pA 

VOH 

Output Voltage High 

IOH=“2mA 

2.4 

3.2 


V 


AC Electrical Characteristics (With standard load) (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Access Time 






Too 

Dot Clock to Output 



35 

55 

ns 

Tea 

Output Enable 



20 

45 

ns 

Ter 

Output Disable 



20 

45 

ns 


Set-Up Time 






Tsi 

Load to Dot Clock 


40 

25 


ns 

TS2 

Address to Load 


350 

200 


ns 

TS3 

TS4 

Clear to Load 
Control to Line Clock 

See Switching Time Waveforms 

350 

40 



ns 

ns 

TS5 

Line Clock to Load 


950 



ns 

TS6 

Address to Address Latch 


40 



ns 


Hold Time 






thi 

Load from Dot Clock 


0 



ns 

TH2 

Address from Load 


0 



ns 

TH3 

Control from Line Clock 





ns 

TH4 

Address from Address Latch 





ns 
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AC Electrical Characteristics (Continued) (With standard load) (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Minimum Pulse Width 


mm 





Line Clock 





ns 


Clear 


Bl 



ns 


Dot Clock 

See Switching Time Waveforms 

mm 



ns 

Tw4 

Load 


■■ 



ns 

Tw5 

Address Latch 


40 



ns 

^MAX 

Maximum Clock Frequency 


16 

20 

■ 

MHz 


Note 1 : Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5V and T/\ = 25°C. 


Standard Test Load 


Vcc 


DEVICE 

OUTPUT 



■ Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
^OUT = 50 f2, tr < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 

■ Too is measured with output enable at a steady low 
level. 


Switching Time Waveforms 
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Truth Tables 


a) Address Latch b) Output 


OUTPUT 

ENABLE 

STATE OF 
THE OUTPUT 

1 

0 

Output Hi-Z 
Data Out 


ADDRESS LATCH 
CONTROL 

FUNCTION 

PERFORMED 

0 

1 

Latched 
Fall Through 


c) 4-Bit Line Counter 


CLOCK CONTROL 

LINE CLOCK 

CLEAR 

LINE COUNTER 

H 

_r 

H 

Increment line counter 

X 

X 

L 

Asynchronous clear 
resets counter 

L 

X 

H 

Clock inhibited 

H 


H 

No change on high-to- 
low clock edge 


X = Don't care 


Definitions 

A1— A6: Character address. A 6-bit code which selects 
1 of the 64 characters in the font. 

Clear: Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 


Functional Description 

To select a character, a 6-bit binary word must be 
present at the address inputs A1— A6 when the address 
latch control is high. This address can be latched by 
bringing the address latch c ontro l signal low after a 
40 ns set-up time. When the clear input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded (Ts2 ris) after the character is addressed. 
Data, representing one horizontal line of the addressed 
character, is available at the output when the load 
enable input is brought low. As shown in Figure 1, 
valid data arrives serially at the output. Dot clock 
pulses beyond that required to shift out one line of the 
character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 


Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. 

Dot Clock: A low-to-high transition of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. 


Output Enable: An active low output enable. When high 
the output is in the Hi-Z state. 

Output: A TTL TRI-STATE output buffer. 


pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the clear input low. 
Detailed system application infomation is contained in 
application note AN-167 available from National. 

A two character display example is shown in Figure 3 
and a typical system timing waveform is shown in 
Figure 4. 

A chip select input is provided for expansion of the 
character font. The various standard fonts are shown in 
Figures 5, 6, 7, 8, 9 and 10. 
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Functional Description (Continued) 

Character Cycle — ROM data corresponding to one 
line of characters is loaded into the shift register Ts2 
after the ROM is addressed. When load enable goes low, 
ROM data is allowed to be present at the D input of 
the shift register via the MUX. The first bit of the ROM 
data is transferred to the output at the nekt low-to-high 
transition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 


Line Cycle — The line counter is a mod 16 counter. 
A low-to-high transition of the line clock advances the 
line counter to the next count. If, for any reason, the 
counts need to be truncated, a low signal at the clear 
input resets the counter to zero. The clock control may 
be used as a line clock disable. A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock. 


\ rS^ 

LINE \ / 

LOCK \ j 


CHARACTER 

ADDRESS 

INPUT 


X 




Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new parallel data 
is loaded into the shift register. 


FIGURE 1. Character Cycle 



FIGURE 2. Line Cycle 
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Functional Description (Continued) 
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00 

<b 


CHARACTER 

ADDRESS* 

ADDRESS LATCH 
CONTROL* 


CLEAR 



OUTPUT 



*Shown here for operation with dynamic memory. For static memory operation the address latch control would be tied high and the character 
addresses would be stable between each address change occurring 350 ns before the high-to-low transition of Load enable. 

FIGURE 4, Typical System Timing Waveform 
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Functional Description (Continued) 





DM8678 


Functional Description (Continued) 



^ Shifted characters (see Figure 12) 

FIGURE 6. DM8678CAE 

Note. A "filled in” dot represents a high memory output. 
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Functional Description (Continued) 
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Functional Description (Continued) 



FIGURE 11. DM8678CAS 


LINE 1 

□□□□□□□ 

□□□□□□□ 

□□□□□□□ 

2 

□□□□□□□ 

□□□□□□□ 

□□□□□□□ 

3 

□□□□□□□ 

□□□□□□□ 

□□□□□□□ 

4 

□□□□□□□ 

□□□□□□□ 

□□□□□□□ 

5 

□ ■■■□■a 

□□□□■■□ 


6 


□□□□□■□ 

■■□□□■a 

7 

■□□□□■□ 

□□□□□■□ 


8 



■■□□□■a 

9 



■□■■■□a 

10 


□□□□□■a 

. ■□□□□□□ 

11 

□□□□□■□ 

□□□□□■□ 


12 

■□□□□■□ 



13 

□■■■■□□ 

□□■■■□a 

■□□□□□□ 


LINE 1 

□□□□□□□ 

□□□□□□□ 

2 

□□□□□□□ 

□□□□□□□ 

3 

□□□□□□□ 

□□□□□DO 

4 

□□□□□□□ 

□□□□□□□ 

5 


■□□□□■□ 

6 


■□□□□■□ 

7 

■□□□□■□ 

■□□□□■□ 

8 



9 



10 

□□□□□■□ 

□□□□□■□ 

11 

□□□□□■□ 

□□□□□■□ 

12 

□□□□□■□ 

■□□□□■□ 

13 

□□□□□■□ 

□■■■■□□ 


LINE 1 

□ □□□□ 

□ □□□□ 

□ □□□□ 

2 

□ □□□□ 

□ □□□n 

□ □□□□ 

3 

□ ■■■■ 

□ □□■□ 

□ ■■■■ 

4 

■ □□□■ 

□ □□□□ 

■ □□□■ 

5 

■ □□□■ 

□ □□■□ 

■ □□□■ 

6 

■ □□□■ 

□ □□■□ 

■ □□□■ 

7 

□ ■■■■ 

□ □□■□ 

□ ■■■■ 

8 

□ □□□■ 


■DDDDB 

9 



□ □□□■ 

LINE 1 

□ □□□□ 

□ □□□□ 


7 

□ □□□□ 

□ □□□□ 


3 

■ ■■■□ 

■ □□□■ 


4 

■ □□□■ 

■ □□□■ 


5 

■ □□□■ 

■ □□□■ 


6 

■ □□□■ 

■ □□□■ 


L 

■ ■■■□ 

□ ■■■■ 


8 

■ □□□□ 

□ □□□■ 


9 

■ □□□□ 




FIGURE 12. Shifted Characters for CAE 


FIGURE 13. Shifted Characters for CAM 
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Ordering Information (For special character font for device DM8678). 


CUSTOMER CARD INPUT FORMAT 
Column 1—3 

2-digit character address, from 0—63 preceded by 
a letter "C". 

Column 4 
Blank 

Column 5—6 

1 -digit line address, from 0—8, preceded by a let- 
ter "L". 

Column 7 
Blank 

Column 8—14 

Row data which represents one horizontal row of 
dots at the specified line address and character 
address, with first dot at Column 8 and seventh dot 
at Column 14. Character for TTL high level is 1, 
for low level is 0. 

Column 15 
Blank 

Column 16 

Tag bit— 0 for normal character and 1 for shifted 
character only. 


Column 17 
Blank 

Column 18 

Row SUM— Total number of "1's" presents in row 
data and tag bit expressed in decimal. 


"TB" CARD FORMAT (total of eight cards) 

Immediately following the data cards, there should be 
"TB" cards to indicate the column sum. 

Column 1—2 

The character "TB". 

Column 3 

1-digit corresponding to Dot number. Use number 8 
for tag bit. 

Column 4 
Blank 

Column 5—7 

Column SUM— Total number of "1's" in column 
expressed in decimal. 


Truth Table Input Format 


CHARACTER 

ADDRESS 

LINE 

ADDRESS 

DOT DATA 

D1,D2, D3, D4, D5, D6, D7 

TAG BIT 

SUM 

0 

0 




0 

1 




0 

2 




0 

3 




0 

4 




0 

5 




0 

6 




0 

7 




0 

8 




1 

0 




1 

2 




1 

3 




1 

4 




1 

5 




1 

6 




1 

7 




1 

8 




2 

0 




2 

1 




2 

2 




2 

3 




2 

4 




2 

5 




2 

6 




2 

7 




2 

8 




TB 
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National 

Semiconductor 


Character Generators 


DM76S64/DM86S64 Bipolar Character Generator 

General Description 


The DM76S64/DIV186S64 is a 64-character bipolar 
character generator with serial output designed primarily 
for the CRT display marketplace, and packaged in a 
standard 16-pin DIP. The DM76S64/DM86S64 incor- 
porates several CRT system level functions, as well as a 
7 X 9 or 5 X 7 row scan character font. The DM76S64/ 
DIVI86S64 performs the system functions of parallel 
to serial shifting, character address latching, character 
spacing and character line spacing. These system func- 
tions have required extra packages in the past. 

Shifted characters can be generated by the on-chip 
subtractor. 

The c lear in put and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the line clock and the dot clock are positive edge- 
triggered. When the address latch control signal is high. 


the character addresses "fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

Features 

■ 64-character-row scan 

■ 5x7 or 7x9 font 

■ Custom fonts available with shift options 

■ Serial output 

■ 16-pin package 

■ 35 MHz typ clock rate 

■ On-chip input latches 

■ On-chip shift register 

■ On-chip dot blanking 

■ On-chip row blanking 

■ , TR I -STATE® output 






DM76S64CAE/DM86S64CAE 




DM76S64ACS/DM86S64ACS 





Upper Case Block Letters 


Shifted Lower Case Block 


Upper Case Block Letters 


Shifted Lower Case Block 


ASCII Character Set 


ASCII Numerals and Control 


PACKAGE 


N, J 



Block Diagram 


Connection Diagram 

Dual-ln-Line Package 


CHARACTER 

ADDRESS 

DECODER 

1/64 


ADDRESS LATCH _4 
CONTROL 

Order Number clear — 

DM76S64XXX*/J 6 

or DM86S64XXXVJ ' " \ 

See NS Package J16A clock control — 

Order Number cnd — 

DM76S64XXX*/N 
or DM86S64XXX*/N 
See NS Package N16A , 



Logic Symbol 


EDGE- 
TRIGGERED 
I GENERATOR 


OUTPUT SHIFT REGISTER I 



alpha pattern designators 
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DM76S64/DM86S64 


Absolute Maximum Ratings (Note 1) 


Supply Voltage -0.5V to +7V 

Input Voltage -1.5Vto+5.5V 

Output Voltage -0.5V to +5.5V 

Storage Temperature — 65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300° C 


DC Electrical Characteristics (Note 2) 


Operating Conditions 



MIN 

MAX 

UNITS 

Supply Voltage (Vcq) 

DM76S64 

4.5 

5.5 

V 

DM86S64 

4.75 

5.25 

V 

Ambient Temperature (T/\) 
DM76S64 

-55 

-H25 

°c 

DM86S64 

0 

+70 

°c 

Logical "0” Voltage 

0 

0.8 

V 

Logical "1" Voltage 

2.0 

5.5 

V 


PARAMETER . 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

I|L 

Input Load Current 

Vcc “ Max, V||\j = 0.45V 



-800 

HA 

•iH 

Input Leakage Current 

Vcc = Max, V|fg == 2.4V 



40 

pA 

l| 

Input Leakage Current 

Vcc Max., V|(M = 5-5V 



1 

mA 

VOL 

Low Level Output Voltage 

Vcc " Min, Iql = 16 mA 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 

Vcc “ Min 



0.80 

V 

V|H 

High Level Input Voltage 

Vcc “ Min 

2.0 



V 

vc 

Input Clamp Voltage 

Vcc “ Min, l|(\i = -12 mA 


-0.8 

-1.5 ‘ 

V 

C|N 

Input Capacitance 

Vcc = 5V, VtN = 2V, Ta = 25°C, 
1 MHz 


4.0 


pF 

Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25° C, 
1 MHz, Output "OFF" 


6.0 


pF 

Icc 

Power Supply Current 

Vcc “ Max, All Inputs Grounded, 
Output Open 


80 

140 

mA 


TRI STATE PARAMETERS 


'SC 

Output Short-Circuit Current 

Vo = OV, Vcc = Max 

-15 


-70 

mA 

IHZ 

Output Leakage 

Vcc ” Max, Vo = 0.45 to 2.4V, 
Chip Disabled 



±40 

pA 

VOH 

Output Voltage High 

IOH = “2mA 

2.4 

3.2 


V 


AC Electrical Characteristics (Note 2) 


PARAMETER 

1 

CONDITIONS 

DM76S64 

DM86S64 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Access Time 









tdo 

Dot Clock to Output 



25 

50 


25 

40 

ns 

Tea 

Output Enable 



10 

35 


10 

30 

ns 

Ter 

Output Disable 



13 

35 


13 

30 

ns 


Set-Up Time 









Tsi 

Load to Dot Clock 


25 

7 



7 


ns 

TS2 

Address to Load 

See 

335 

54 



54 


ns 

TS3 

Clear to Load 

Switching 

335 

14 


280 

14 


ns 

TS4 

Control to Line Clock 

Time 

50 

-10 


mgm 

-10 


ns 

Ts5 

Line Clock to Load 

Waveforms 

1140 

156 



156 


ns 

TS6 

Address to Address Latch 


50 

6 


■■ 

6 


ns 


Hold Time 





■■ 




ThI 

Load from Dot Clock 


5 

-6 



-6 


ns 

TH2 

Address from Load 


0 

-14 


HH 

-14 


ns 

Th3 

Control from Line Clock 


120 

23 



23 


ns 

TH4 

Address from Address Latch 


50 

3 


mm 

3 


ns 
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AC Electrical Characteristics (Continued)’ (Note 2) 


PARAMETER 

CONDITIONS 

DM76S64 1 

DM86S64 

UNITS 

MIN 

TYP 

mAx 

MIN 

TYP 

MAX 


Pulse Width 


■■ 







TW1 

Line Clock 


mm 

12 


40 

12 


ns 

TW2 

Clear 



6 


40 

6 


ns 

Tw3 

Dot Clock 



12 


20 

12 


ns 

Tw4 

Load 


■■ 

8 


30 

8 


ns 

TW5 

Address Latch 


50 

22 


40 

22 


ns 

fMAX 

Clock Frequency 


18 

35 


22 

35 


MHz 


Note 1 : Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc ~ "*^A 25°C. 


Standard Test Load 


Vcc 


DEVICE 

OUTPUT 



■ Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZOUT = 50 tr < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 

■ TdO is measured with output enable at a steady low 
level. 


Switching Time Waveforms 
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Truth Tables 


A) ADDRESS LATCH 


ADDRESS LATCH 
CONTROL 

FUNCTION 

PERFORMED 

0 

1 

Latched 
Fall Through 


B) OUTPUT 


OUTPUT 

ENABLE 

STATE OF 
THE OUTPUT 

1 

0 

Output Hi-Z 
Data Out 


C) 4-BIT LINE COUNTER 


CLOCK CONTROL 

LINE CLOCK 

CLEAR 

LINE COUNTER 

H 

_r 

H 

Increment line counter 

X 

X 

L 

Asynchronous clear 
resets counter 

L 

X 

H 

Clock inhibited 

H 


H 

No change on high-to- 
low clock edge 


X = Don't care 


Definitions 


AO— A5: Character address. A 6-bit code which selects 
1 of the 64 characters in the font. 

Clear: Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 


Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. 

Dot Clock: A low-to-high transition of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. 


Output Enable: An active low output enable. When high 
the output is in the Hi-Z state. 
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Output: A TTL TRI-STATE output buffer. 



Functional Description 


To select a character, a 6-bit binary word must be 
present at the address inputs AO— A5 when the address 
latch control is high. This address can be latched by 
bringing the address latch c ontro l signal low after a 
40 ns set-up time. When the clear input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded (Ts2 ns) after the character is addressed. 
Data, representing 1 horizontal line of the addressed 
charact er, is available at the output when the load 
enable input is brought low. As shown in Figure 1, 
valid data arrives serially at the output. Dot clock 
pulses beyond that required to shift out 1 line of the 


character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 
pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the clear input low. 
Detailed system application infomation is contained in 
application note AN-167 available from National. 


LINE 

CLOCK 



CHARACTER 

ADDRESS 

INPUT 





r\ r\ / 

y \ j \ (SEE NOTE) ! 

U VALID DATA OUT A 


Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new 
parallel data is loaded into the shift register. 


FIGURE 1. Character Cycle. 
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Functional Description (Continued) 


A two character display example is shown in Figure 3 
and a typical system timing waveform is shown in 
Figure 4. 

A chip select input is provided for expansion of the 
character font. The various standard fonts are shown in 
Figures 5, 6, 7. 8, 9 and 10. Descending characters 
in the 5x7 fonts are shifted by virtue of their place- 
ment in the matrix. Descending characters in the 7x9 
fonts are shifted (by the on-chip line shifter/ 
counter) the number of lines indicated by the number 
in the upper left hand corner of the character drawings 
in the figures. 

Character Cycle — ROM data corresponding to 1 
line of characters is loaded into the shift register Tg2 
after the ROM is addressed. When load enable goes low, 
ROM data is allowed to be present at the D input of 


the shift register via the MUX. The first bit of the ROM 
data is transferred to the output at the next low-to-high 
transition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 


Line Cycle — The line counter is a mod 16 counter. 
A low-to-high transition of the line clock advances the 
line counter to the next count. If, for any reason, the 
counts need to be truncated, a low signal at the clear 
input resets the counter to zero. The clock control may 
be used as a line clock disable. A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock. 


-TWO CHARACTER CYCLE - 


ASCII A2 
CODED J 
ADDRESS I 
INPUTS I A3 


njuuinjiruuuuuumnjummi 



CLDCK LINE DUTPUT 

CDNTRDL CLOCK CLEAR ENABLE 


ADDITIONAL 
LINE COUNTS 
FOR VERTICAL 
SPACE 


FIGURE 3. Example of Two Characters Display Timing 
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o 

(D 

CO 

O 


T3 



O 

3 


n 

o 


‘Shown here for operation with dynamic memory. For static memory operation the address latch control would be tied high and the character 
addresses would be stable between each address change occurring 280 ns before the high-to-low transition of Load enable. 


FIGURE 4. Typical System Timing Waveform 


00 
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Functional Description (continued) 








- 

□■□□□□□■a 

■□□□□□□□a 

■□□□□□aoa 

■□□□□□□□a 

□aDOGaDan 

□□aaaaaQD 

GOGGaaonB 

GGaaGGOGB 

OGOOGaaGB 

aaaoaaaaa 

aoGGGaaaB 

aaaoaaaoB 

oaoooDaGB 

aBGGGaaaD 

aGBaaGGOG 

aaaaaQGGD 

□QGaBaaQG 

□GGaGBaaG 

□aaaGGBao 

aGGGGGGBG 

□BBaGGOGG 

aaGGBGOQG 

aGGDBaaGG 

BOGGQBBGB 

BOGQGGGGG 

BaaQaaaaa 

OBQQGQQQa 


- 

aaaQBGGoa 

□OaGBGaGQ 

OGOOBGaGG 

aaaoBGGDD 

GOGQBaOaO 

□□QGBGGGU 

BGGGBGGGB 

BGGGBGGGB 

BBBBBGGGB 

BaaaaoGGB 

aGGGGGGGB 

aaaaaaaGG 

OGGaBaBaa 

aGGBGGGGB 

oaoBGaaGB 

gggbggggb 

gggbggggb 

aDGGBBBBG 

OBOaaOGBG 

GGBGOBGGB 

BOOBOGBOG 

GBOaBOGBO 

OGBaGBGGB 

BaOBGOBGO 

□BOGBaaao 


u. 

□□□□□□anG 

□□□□□aaGG 

□□□□aDGGG 

□aGaDGDGD 

□□anGGODG 

aaaaaaBGQ 

□□□aaBGGG 

□GaaBGGGG 

□□GBaGOGG 

GOGOBGOGa 

QGGaGBQaa 

GGOaoOBGG 

□aaaGGDOO 

GGaOGQGQG 

aaGGaaaoG 

□aaaaaGGB 

OGGaaGGOG 

aaaoaaaao 

aaaaaGOGG 

aaaGQOQQG 

□GaDBQQQD 

□□□BGaQGG 

□gbqogbgq 

□BGQGOGBG 

BGGOaaOGB 

QQOOOOOOG 


a, 

OGGOGGaDB 

BBBBBBBBB 

BQGGaaaao 

BQGQQOOGa 

BOOQQGaDG 

BBBBBBBBB 

□OGOGOOGB 

BGGGBGGGB 

BGGGBGGGB 

BGGGBBBBB 

BGGGGGGGB 

BGGGDGDGB 

oaGoaaaoa 

GaDGBBBBB 

GOaBaGOOG 

GaOBaGOGG 

oaGBaGGoa 

oaoDBaoGO 

GGGBBBBaB 

GBOGOOGOG 

□OBGOOGOO 

□□BGOGOGG 

□BOGGOGGG 

BOOGGOGGO 

BOOGOGGaO 

□BOGGOaGO 


a 

□□□aaaGGD 

□□□□aaaau 

□□□aODODG 

GUaGOGGOO 

BGGGGGGGB 

BGGGGGGGB 

BGGGGGGGB 

BGGGGGGGB 

BGGGGGGGB 

GGGaaaGGD 

□aDGBGGGG 

GGOGBOGGO 

aGOGBOGOG 

GOOGBOGOG 

GDGGBGDGG 

aoQGBGoaa 

□OOBOGBGG 

□OOBGOBGO 

□OOBGOBOG 

GGGBGGBGG 

OGOBGGBGG 

GGOBGQBGO 

GGGBGGBGG 


o 

BBGGBOGGG 

GGBBBOGGG 

□GGGBBGGG 

GGGGBGBBO 

□GGGBOGOB 

OGOOCOOBG 

□GOOGOBOa 

BGOGGOGOB 

BGGGGGGGB 

BGGGBBBBB 

BGOOBGOGB 

BGnOBGGGB 

GGGGBBBBB 

OGOBGOOGG 

OaOBOOOOG 

GGGGBBBBB 

aaoBooGGO 

□aOBOGOOG 

□□□□□□□GO 

□OOOBOOGO 

OBBBOBBBO 

BOOOOOOGB 

BoaoooooB 

□□□□ODOoa 

□□OOGOOOO 


u 

□□□GGOGGB 

□GGOaGGGa 

□□□GGGGGa 

□□□□□oana 

□GOGGoana 

□GGGGGOOa 

GaaGGaaBG 

□aaooGBaa 

GGaaoBGaa 

aGGGBaonn 

GGOBGaGGO 

GGBGGaanG 

□BaaoaaGG 

GGOGOGDOG 

GGOGnOaGG 

OGDOGOGGO 

□aGOGGBBG 

□OGGOnOOB 

DGOGOGOGO 

GCOOOGGGG 

OOGGGOQGG 

BGGGGGGGB 

GBOGGGGBO 

GGBGGGBGG 

GGGBGBGGG 

GQGGaGGGG 

GGGGGGGGG 



□OaaBBBGG 

GBGGGGGBG 

BGGGGGGGB 

BBBBBGGGB 

BGGGBOGGB 

GBGGBGGBa 

aGaaBBBOG 

BGGOOOGGB 

BGODGOGGB 

aBBBBGGGB 

BGOOBGOGB 

BGGOBGGGB 

GaGOGOGGa 

GOOGOGOaG 

GGGGGGGGB 

BBBBBBBBB 

BGGGGGGGB 

GGOGGOGaa 

GGOGOGGOa 

oooDOOooa 

GOOGGODOO 

ODOOGDOOO 

BBBOOBBBO 

ooooooooo 

□oooooooo 

□□□□□□OGD 


flO 

aGGGGaaaa 

aaaGGGGaa 

GGaGGGBGG 

aGGBGBGGG 

□□□□BGGGG 

□GaaGBOGG 

BGGGGGGGB 

BGOGGOOGB 

BGaGGoanB 

BGGGaGGGB 

BGGGGGGGB 

GGaDBOGGO 

aGaGBOGOG 

□□□aBGGOQ 

QBBBaBBBD 

nnOGBGDGD 

ODDDBOCaa 

□□□QBGGOG 

OOOOaGGGO 

OGOOGGOOG 

□ooaoGGGa 

□GGBGGBBG 

□OOGGODOB 

□□□OGGDGG 

GOCDGOaGa 



GGBBBBBDG 

GBGGGGGBQ 

BGGGGGGGB 

bgggbbbbb 

BGGGBGaaB 

GBGGBGGBG 

□UBBBBBGG 

GGBBBBBGG 

GBGOBGGBG 

BUGGBGGGB 

BGGGBGGGB 

BGGGBGGGB 

UBUUBUUBG 

QGQaoaaGQ 

□GOGGOGOB 

GOGBOGOBO 

aDGaBOBOG 

OGGOaBDOD 

UUGUOGBDO 

□□□□aaGGa 

□□□oaaaGG 

BaGGGGGGB 

BGOaGGOOB 

GBBBGBBBG 

□GGaBaGao 

□□□□GGGOO 


< 

□□OGGDGBG 

aaGGOGaoB 

GGGGGGGGB 

□GGGOaGGB 

GOGGGaGBG 

□□□□GOBGG 

BBGGGGGGB 

BGBGGGGGB 

BGGBGGGGB 

BGGGBGGGB 

BGGGGBDGB 

BaGGGGBGB 

BGGGGGGBB 

□BOaGGOBG 

GGBGGGBGG 

□GGBGBDQD 

GGGBGBDGa 

GOBODOBGO 

□BGGOGGBQ 

GOGDOGGOG 

□□OGGOOGD 

OODGOGOOG 

UGGBaGBGG 

□aDGDaaQD 

□□□oooaaa 

GGOGOGDOO 


< 

GBGGBGGBO 

BUGGBGGGB 

bgggbbbbb 

BGOGGOGOB 

aBGGQGGBG 

GGBBBBBGG 

QBaGaaoQG 

BaGGOaGGO 

BaaGGGaGa 

BGGGGBaGB 

BGOGBOGGO 

BaaGBaaGG 

GBBBGGGGG 

GGBBBDG 

OBOOGaa 

□BGOaGG 

OBaaooa 

OBGOGOa 

QBOGOGO 

aBDDODD 

OBaGGOG 

GBBGGGO 

Z 

□□□GGOOGO 

□□aaaaaGB 

GaGBBGGGB 

aGGBGBOGB 

□GGBGGBGB 

□□□aGGaaB 

GGGBOaaGB 



GOG-GnaGGO 

GGGGGaGaa 

BGGaGGGGB 

BBBBBBBBB 

BGGGQnGGB 

GGGGaGaaa 

aGGGGOQGG 

a'acaGGOGG 

aGBaaGGaa 

QaaBaaaGG 

GGGCBBBBB 

aaaBGaaGG 

aGBGGGaaa 

BBOGGaGGO 

□aaaGGDGG 

aGDaOGGGG 

GGaBBBBGG 

GBGGQOGBG 

BOGGGGGGB 

□GOGGaaDG 

GOGGaGGOa 

BGGBGGGBa 

BGOOBGOGa 

BGGGBGGGB 

BGGOBGGGa 

BGGGBGGGB 

GBBBGQGBQ 

LL 

5 

CD 

=. 

GBGGBGGBO 

BGGGBGGGB 

BBBBBGGGB 

BGOGOGOGB 

GBaGOGaBO 

GGBBBBBGG 

000000000 

aGDOBOGOO 

OGGnBOGOG 

BBBBBBBBB 

OGGOBaODG 

'OGoaBOGaa 

aooaaoaoG 

aaaaaaaao 

aaGGaaDOD 

GGOGGaaOB 

GBGBBBBBa 

aQDBGoaaB 

GGaGOGOOG 

aaaaoGoaa 

aGaaooGGG 

BBBBBBBBQ 

OGGBGGaGB 

□GGOBaOOB 

GOGOBGOaB 

□□□□BGOOB 

cmBBBBGGGBG 

UJ 

< 

o 

„ 

GGGGBGGOG 

GGGGBGGOG 

GOGGBGGGG 

GGGGBGGGG 

□OaGBaGGO 

BBGGGGGBB 

QGBGGGBGG 

GGOBaBaGG 

OGQGBaaGG 

aaaaaBGnn 

GOBaGaBaa 

BBGGGGGBB 

GGOGaGGOO 

GGaGOGaGG 

BGOGGOanB 

GBGOaaGBG 

GGBBBBBGG 

GGaaGGaDo 

aaaoaGGGD 

GBBGGDBBG 

BGGBGBGGB 

BGOOBGOGB 

BGGGBGGGB 

BGGGBGGGB 

BGGBGBGGB 

□BaGGOBBO 

CO 

(O 

00 

2 

G 


BOGOaGOGB 

BGGGBGGGB 

BGGGBGGGB 

-BGGGBGGGB 

BGGGBGGGB 

BBGGGGGBB 

BOBGGGBOB 

BGGBGBGGB 

BGOGBOaGB 

BGGBGBGGB 

BGBQGDBGB 

BBGGGGGBB 

GODaGGODO 

GGGGBBBBB 

GaaBaaaaa 

GaGBooaaa 

OGOBOGGOO 

GGaaBDODD 

aGGaaaoGo 

GGGBGOaGB 

□□□OBOaBO 

□GGaGBBGa 

GGGaGBBaa 

OGGaBaOBG 

GaGBGGGGB 

(O 

CO 

ta 

00 

Q 

'' 

GBGGGBBBB 

BGGGGBGBG 

BGOGGBGGB 

BOGGGGGGB 

BGGGGGGGB 

GBGGOGGBG 

GGBBBBBGG 

aoaaGoaGB 

GOGOGGaaG 

GGGGBBBGU 

oaaaaaoBG 

oaaaaoGGB 

GOOGGaaGa 

GGOGOGGaa 

BBGaGGGGG 

BBBGGGanG 

GGOBGOGGn 

aooaaoQGG 

aaaoGGGGa 

BBBGGGGGG 

BGGBGGGaa 

BGaOBGOOG 

BGGGGBGGG 

BGaGGaBoa 

BQGGGGGBG 

BGGGGGGGB 

u. 

5 

CD 

(0 

C/5 

- 

GGGGGBBBB 

GoaGBaaGB 

aaGBOGGaB 

GGOBGOaGB 

QGQBGaaGB 

aaaaBaGGB 

GGGGGBBBB 

GGBBBBBGG 

GBOGGOGBa 

aaaaaQGQB 

BGGGBOaGB 

BaGGOGGCB 

GBGGGGGBG 

GGBBBBBGG 

ODGaaGDOO 

BBBBBBBBG 

GaGBGGaOB 

BDOGBaaOB 

BGOGBGOOB 

BaGOBGOOB 

NGaaBGGGBG 

□□GaBBBBG 

□□□□□OOGB 

aaaaoGaoB 

□□□□OaBBG 

GaGaGOGGB 

□□□□GGGOB 

GoaaBBaBG 

til 

< 

O 

Kf 

CD 

CO 


BaGGOGGOG 

BOGQGGGGG 

BOGGBOGGG 

BaDGBGQOG 

BGOGBOaGG 

BGaOBGaGG 

BBBGGGGGG 

GGGBBBGGG 

aoaoaaBBG 

OGOGaaOGB 

□aOQOaBBG 

GGGBaaGGG 

BBBGGGGGG 

aaaaoaaoB 

□□□□GBBBG 

□□□aaaBGB 

GBBGQBGGB 

BGGBBGGGB 

BGGBBGGGB 

□BanaaaBG 

GBGGOaaBG 

BGGGBGGGB 

BGGGBGGGB 

BGGGBGGGB 

BGGGBGGGB 

GBGGGBGGB 

O 

in 


BBGGGGGaG 

□GBBGaOGO 

GaaGaBGGG 

□GGGGGBBQ 

aooGGaaaB 

QOaaQQGBG 

□GGOaOBaD 

GGBBBBBGG 

GBOGGaaBO 

BGGBGBGGB 

BGGGBGGGB 

BGGBGBGGB 

GBOGGaaBO 

GGBBBBBOG 

DaaoGGaoD 

□Baaaoaao 

BGOGBOOGD 

BaaoBGaaG 

GBBBBBBBB 

oaooBGGDa 

GaDOBGOGD 

aaGaaaaGG 

□aGBBBBGG 

□□□□GGDBa 

DoaaGGaGB 

□□□□□□□aa 

□□□BaaBGG 

□□□□□□□GO 

G 

CO 


BOGGaGGaa 

BGGGGGGGB 

BGGGBGGGB 

BGGGaGGGB 

BGGGBGGGB 

BGGGaGGGB 

□GOaaOGBG 

□GOaGODGB 

GGaaGGOGB 

□aaaaaGQB 

GaaaaaaBG 

QBaaaaGBO 

GGBGGGBGB 

□□□■GGGBG 

□□□GBaGGO 

OBGaGBaao 

BGBGGGBGG 

aBGGGaaBQ 

BGGGGBBBG 

BGGOBGGGa 

BUGGanGGB 

BGOGBGGQB 

BGGGBGGGB 

BGOGBOaOB 

3 

a 

u. 


BGGGGGGOB 

BGnBGBGOB 

BGGGBGGGB 

BGGBOBOGB 

BGacaGGOB 

BGGGBGGGB 

BGGGBGGGB 

BGGGBOGGB 

UBGGBGGBU 

□□BOBGBOG 

□aOBBBGGG 

aaQGBaaGa 

aaaaaaoaa 

aOGGBBGGa 

GGGBGBGGB 

□GGBGBGGB 

aGGBGBOoa 

GGOaGBOGB 

OGGGBBBBG 

□□□□□□OGG 

□□GBaBaBB 

• □□□□GGaBO 
□□□□□□□GB 
□□□□GGOGB 
□□□□GGOGB 

□aGBaaBBG 

cc 

3 

o 

11. 

- 

GGBaaBBGG 

GBaGGGGBG 

aaOGGGGQB 

BGGDGGaOa 

BGaGOGGaB 

BaaBBBBBB 

BGGGGGGGB 

BBaoaGGGQ 

BaaaaaGGG 

BGaQGGGGa 

BBBBBBBBB 

BaaaaGGaa 

BaGGaaGGa 

BBGGGGGGG 

GBGGGBBGG 

GBGGBGGBG 

GBGGBGGBG 

GBGGBGGBG 

GGBBOGaBO 

GOGGOOBGO 

GOOGOOBOG 

BBBBBBBBB 

GBGGOOBGQ 

OaaGOGBQG 

□□GBOGaao 

GGGGBaaOG 


- 

GGGGGGGBB 

□aaaaGBoa 

aaaGGBoaQ 

□GBBBBBGG 

DGQBaaaaa 

oaBaGOGoa 

aanGGGGao 

GBBGGBGOG 

□aOBGOBOG 

GGGBGGBGG 

aaGBDGBno 

OGOBGaBOO 

OBBGGBGGG 

aaaaaaaoG 

GGGGBOGBa 

OGOBOGaGB 

DDOBDDGaB 

OOGBGGGGB 

GaaaBBBBO 

□□□□□□□GO 

□□□□□GGBG 

□□GBaGOOB 

□□□BGaaOB 

OBBBBBBBO 

□□□BOGOGG 

□□□BGGoao 



DBGGGGGBa 

BOGGGGanB 

BGGGGGGGB 

BOGGGGGGB 

BDaaGaQGB 

GBGGOGGBG 

GGBBBBBGG 

GBGGGGBGG 

BGaaGBOBa 

BGGGBGGGB 

BGGGBGGGB 

BGGGaGGGB 

□BGBGaaGB 

OGBGGGaBG 

OGBaaGBOG 

GGBaaaBGG 

OGBaaGBOG 

□□BGQOBGG 

GGaGGGBGG 

GBBBGBBBG 

boqgboqob 

BGOUBUUUa 

aGGGBGGOa 

BGGGGGGGB 

BaGaaGGQB 

DBQOGGGBG 



□□GGOGGOB 

□GOaoGGGB 

□aaaaaDGB 

□GGOGOaDB 

□GoaQaaGB 

DQOOCOGGB 

BBBBBBGGG 

QDoaaaBGa 

DDaGOaGBO 

BBBBBBBBB 

□ODGOGOBG 

DOaGGOBGa 

BBBBBBGGG 

DoaaaDoaa 

aaODBOOBG 

GOGBOGaaB 

□aGBaGOGB 

OGGBGGGGB 

DOGBaaaaB 

□OaGBBBBG 

□□□□□□GOG 

□□□□BGGBG 

aGGBaaBGB 

□□GBGGBGB 

GDaBOBOGB 

GOGBGBGGB 

OaGOBGGBG 



□GBGaGBGG 

□BGBGBGBG 

BGGGBGGGa 

BOGGaaGaa 

BGGGBGGGB 

aaaaaaaBB 

bgoggoogb 

GBBaaaGGB 

BGGGBGDBa 

BOGGaGaGG 

bgqobbggg 

aGGGBGGGG 

BGGGaQGaG 

□aDDaaaaa 

GGaaGOGOO 

aBBBOGOGG 

□□□OQOQOG 

aaGGaacoG 

BaaaGGODQ 

GaQGQGQOO 

GBBGGOGGB 

BGaBGGOGB 

BGOOaGGGB 

BGGOBGGGB 

BGGGBQGOB 

BGOGGBGGa 

OBaOGQBBB 



□□□□oaaoa 

□□□□□□GOB 

□□□□QGGGB 

BBBBBBBBB 

□GOOGGOOB 

QQGOGGGGB 

□OOOOOGOB 

BGGGBGGOa 

BGGGBGGGB 

BDGGBGDGB 

BGGGBGGGB 

BGGGBGGGB 

BGGGBGGGB 

BGGGBGGGB 

□00000000 

□□DGBBBBO 

ODOBOOOGB 

GGOBOOOOB 

□OOBGGOOB 

OOOOaOOBO 

□□□pgooog 

OOOOBOOOO 

□GOBOOGOO 

DOOBOOOOO 

□□OBODOGO 

OGOOBODOO 

OOOBBBBBB 


- 

GOaGGBGGO 

OBGGGBGGG 

BGGGGBGGG 

OBGGOBGGG 

GGBGaaGGG 

GOGBBaBaB 

GGaaaBBGB 

OBGGGGGBG 

aGGoaGaGB 

aGGaaBOGB 

aGGGGGGGB 

□BGGGGGBG 

GaaaBaBGG 

□□GGaaGGO 

□□□□OGOaQ 

aGGGGGaOO 

BBaaaaoGB 

aaQGGGGOG 

GOGOaGOOG 

□ooaaoGGD 

□OGGGGOGO 

□GOGOGOGB 

GOQGGQGGfl 

aBaaaaBBB 

□BQGOGGGB 

GCBOGOGGa 

ODOOOOaGO 


- 

BOGOOGGOO 

BOGOGGOGO 

BQGQOGGGO 

BGGGGGGGG 

BGGOGGOGG 

BOQQGQOGG 

GGOGBOGGO 

GGGBBBGGG 

GGBGBGBGG 

GBGGBGGBG 

BGGOBGGGB 

aOOGBGGGB 

BGGGBGGGB 

ODOOOOOOB 

GOGOBBBBG 

□ODBOBOOB 

OOOBDBOOB 

OOOBDBOOB 

oogbgboob 

OOOOOOBBO 

DOOQDDOOO 

BBBBBBBBB 

OBOBOOGOG 

BOOOBOOOO 

BOOOBOOOO 

BOOGBGOGO 

^JOBBBGOOOG 


= 

GBaaBBGBG 

BGGOGBGGB 

BGBBBBGGB 

BOBGOaGGa 

BGoaaaGGB 

GBGGaGGBG 

GGaaBBBGG 

GBBBGGGGG 

BGGGBGGGG 

BGGGBGGGG 

BGGGBGGGG 

BaaGBaGOG 

BGGGBGGGG 

OGQGGGGOO 

aaGaGOGGG 

OaGGaGGOO 

aaaaaaaGG 

aaaaGGGaQ 

aaGoaGGGO 

aaoaaaaoG 

GaBGOGOBO 

BGOBGOGGa 

BGGGBGGGB 

bgogobgob 

□BGGGOBBG 

GoaBBBBao 



BGGGGGGGB 

BOGGGGGGB 

BOOOOOOGB 

BOGOGOGOB 

BGGGGGGGB 

OGOOOQOOB 

GGGGGGBBG 

GOQOOBGGa 

GGOBBGGGG 

BGBGOGOGG 

BBGGGGGGG 

BBBGGGGGG 

□□OGOGGOG 

OODOOGOGG 

□□OBOQQGG 

BBBOOGGGG 

BBOOGGOOG 

GGGooaoaa 

aoGQDGGaa 

□OOaOOOQO 

□BBBaGGOG 

BGGGBGGGG 

BGGGBGGOG 

BOGGBOaaG 

GaGBOGOGG 


< 

s < 

< 1 

y < 


- 




< 

s ? 

y^ < 

= 

- 
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DM76S64/DM86S64 


Functional Description (Continued) 


□oaaBooQo 

□□□□■ooao 


□□□■□DQD" 

DODDOBBOO 

□□OQBOOBO 


BaQOOBOQB 

BOaOOBOOB 

BOOOOBOOB 

BCaOOOQOB 

□BQQOOOBO 


OBOOOBOOB 

□Booosaoa 

□BoaOBOOB 


OOOBBQOQO 

□□□□□■BOO 

□□□□□□□BB 

□OaOOBBOQ 

OOOBBQOaO 

■BBOOGOaO 


BOOQBOOOO 

BQaOBQOOO 

□bbbbbbbb 


□UOBBBOOO 

□GOQDOBOO 

OUDODODBO 

OaOOGDDDB 

□UDODDDBO 


DOOBBBBBB 

□□□□□□□BD I 
ODDDODOaB I 
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Semiconductor 


Character Generators 

ADVANCE INFORMATION 


DM76S128/DM86S128 Bipolar Character Generator 

General Description 


The DM76S128/DM86S128 is a 128-character bipolar 
character generator with serial output designed primarily 
for the CRT display marketplace, and packaged in a 
standard 16-pin DIP. The DM76S1 28/D M86S 128 
incorporates several CRT system level functions, as 
well asa7x9or5x7 row scan character font. The 
DM76S128/DM86S128 performs the system functions 
of parallel to serial shifting, character address latching, 
character spacing and character line spacing. These 
system functions have required extra packages in the 
past. 

Shifted characters can be generated by the on-chip 
adder/subtracter. 

The cl ear in put and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the line clock and the dot clock are positive edge- 
triggered. When the address latch control signal is high. 


DM76S128CNC/DM86S128CNC 


DM76S128CND/DM86S128CND 


DM76S128CQH/DM86S128CQH 


DM76S1 28CQJ/DM86S1 28CQJ 



the character addresses “fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

Features 

■ 128 character-row scan 

■ 5x7 or 7x9 font 

■ Custom fonts available with shift options 

■ Serial output 

■ 16-pin package 

■ 35 MHz typical clock rate 

■ On-chip input latches 

■ On-chip shift register 

■ On-chip dot blanking 

■ On-chip row blanking 

■ Low power— 400 mW typical 

FONT I PACKAGE 


Upper and Shifted Lower Case Block 


Upper and Lower Case Block 


ASCII CHARACTER SET 


ASCII CHARACTER SET 


N, J 


N, J 


N, J 


N, J 


Block Diagram 


Connection Diagram 

Dual-In-Line Package 


Order Number 
DM76S128XXX*/J 
or DM86S128XXX*/J uneclock 

See NS Package J16A clock control 
Order Number cno 

DM76S128XXX*/N 
or DM86S128XXX*/N 
See NS Package N16A 



Logic Symbol 


alpha pattern designators 
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Absolute Maximum Ratings (Noteii 


Operating Conditions 



1 






MIN MAX UNITS 

Supply Voltage -0.5V to -t7V 


Supply Voltage (Vqq) 




Input Voltage -1 ,5V to +5.5V 


DM76S128 

4.5 5.5 V 

Output Voltage -0.5V to +5.5V 


DM86S128 


4.75 5.25 V 

Storage Temperature -€5°C to -t-150°C 


Ambient Temperature (Ta) 



Lead Temperature (Soldering, 10 seconds) 

300° C 


DM76S128 

- 

55 -H25 °C 





DM86S128 


0 -H70 

°C 





Logical "0" 

nput Voltage (Low) 

0 0.8 V 





Logical "1" 

nput Voltage (High) 

2.0 5.5 V 

DC Electrical Characteristics 

(Note 2) 







PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

l|L 

Input Load Current 

Vcc = V||M = 0.45V 



-800 

aA 

l|H 

Input Leakage Current 

Vcc = V|N = 2.4V 



40 

pA 

l| 

Input Leakage Current 

Vcc = Max, V||\| = 5.5V 



1 

mA 

VOL 

Low Level Output Voltage 

Vcc " 

lOL = 16 mA 


0.35 

0.45 

V 

VOH 

Output Voltage High 

>OH = ~2 mA 


2.4 

3.2 


V 

V|L 

Low Level Input Voltage 

Vcc “ 





0.80 

V 

V|H 

High Level Input Voltage 

Vcc ” 



2.0 



V 

vc 

Input Clamp Voltage 

Vcc = 

l||M = -12 mA 


-0.8 

-1.5 

' V 

C|N 

Input Capacitance 

Vcc = 5V, V|N = 2V, Ta = 25°C, 


4.0 


pF 



1 MHz 







Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°C, 


6.0 


pF 



1 MHz 







Icc 

Power Supply Current 

Vcc = All Inputs Grounded, 


100 

140 

mA 



Output Open 






isc 

Output Short-Circuit Current 

Vo = OV, Vcc “ Max 


-15 


-70 

mA 

AC Electrical Characteristics 








DM76S128; Ta = -55°C to -M25°C, Vcc = 4.5V to 5.5V. Cl = 50 pF. 





DM86S128; Ta = 0°C to -t-70°C, Vcc = 4.75V to 5.25V. Cl = 50 pF. 









DM76S128 



DM86S128 




PARAMETER 







UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 



Access Time 









Dot Clock to Output 


25 

50 


25 

40 

ns 

■n 

Set Up Time 









Load to Dot Clock 


7 


20 

7 


ns 


Address to Load 


54 


280 

54 


ns 


Clear to Load 


14 


280 

14 


ns 

TS4 

Control to Line Clock 

50 

-10 


40 

-10 


ns 

TS5 

Line Clock to Load 

1140 

156 


950 

156 


ns 

Ts6 

Address to Address Latch 

50 

6 


40 

6 


ns 


Hold Time 








Thi 

Load from Dot Clock 

5 

-6 


0 

-6 


ns 

TH2 

Address from Load 

0 

-14 


0 

-14 


ns 

TH3 

Control from Line Clock 

120 

23 


100 

23 


ns 

TH4 

Address from Address Latch 

50 

3 


40 

3 


ns 


Pulse Width 
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AC Electrical Characteristics (Continued) (With standard load) (Note 2) 


PARAMETER 

DM76S128 

DM86S128 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Line Clock 

50 

12 


■■ 

12 


ns 


Clear 

50 

6 



6 


ns 


Dot Clock 

25 

12 



12 


ns 

mSM 

Load 

40 

8 


■■ 

8 


ns 

TW5 

Address Latch 

50 

22 


40 

22 


ns 

fMAX 

Clock Frequency 

18 

35 


22 

35 


. MHz 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for ^CC ~ 2 "cl T/^ = 25°C. 


Standard Test Load 


Vcc 


DEVICE 

OUTPUT 



Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZqUT “ 50 fZ, tr < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 


Truth Tables 


A) ADDRESS LATCH 


B) 4-BIT LINE COUNTER 


ADDRESS LATCH 
CONTROL 

FUNCTION 

PERFORMED 

0 

1 

Latched 
Fall Through 


CLOCK CONTROL 

LINE CLOCK 

CLEAR 

LINE COUNTER 

H 

_r 

H 

Increment line counter 

X 

X 

L 

Asynchronous clear 
resets counter 

L 

X 

H 

Clock inhibited 

H 


H 

No change on high-to- 
low clock edge 


X = Don't care 
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Switching Time Waveforms 



Definitions 


AO— A6: Character address. A 7-bit code which selects 
1 of the 128 characters in the font. 

Clear; Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 


Load Enable: Active low load coimmand which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. 

Dot Clock: A low-to-high transition of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. 

Output: A TTL BI-STATE output buffer. 
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'Shown here for operation with dynamic memory. For static memory operation the address latch control would be tie d high and the character 
addresses would be stable between each address change occurring 280 ns before the high-to-low transition of Load enable. 

FIGURE 4. Typical System Timing Waveform 


Functional Description (Continued) 



















































































DM76S128/DM86S128 


Functional Description (continued) 
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□□□□□□□□a 

□□□□□□□□□ 

□□□BBBGGG 

□□BGGQBDG 

□□BGGDBDG 

□□BGGOBGG 

□□□□□□□OO 

□□□□□□□□□ 

□GBGOOOGO 

□OBGGOGOG 

□□□BGGGOG 

□□BBBBBOO 

□□□□□□GOG 



- 

□□□□□□□□□ 

□□■■■■■□a 

□■□□■□□on 

□■□□■□□□a 

□□■■■■■□□ 

GaaaaaGGG 

OGGaaGGOG 

□aaaBGaGG 

' aGGGGBGGG 
aGGGBGBGG 
aOGGGGBGG 

□aaaaaGGG 

□□□□□□□□□ 

□□□□□□□□G 

□□□□□□□□□ 

□□□□□□□□□ 

aaBBanaaG 

□□□□□□□□o 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□a 

□□□□□□□□□ 

□GGOGGBaG 

BBBBBBBGG 

□BaGGOBGG 

□□□□□□□GO 

■ 

□□□□□□□□G 

□□□□□□□□□ 

□□□BGOGOD 

□GBBBGGGD 

□BGBGBGGG 

.BGOaOGBGG 

BGGBGGBGG 

□□□□□□□□□ 

□□□□□□□GO 

□□□BBBBGG 

□□aGBGBGG 

□□BGBOBGG 

□□BGBGBOG 

□□□□□BOGO 

□□□□□□GOG 

□□□□□□□□□ 

□GBBBBBBB 

□GBGGGBGG 

□GBGGGBGG 

□□BOGGBGG 

□GGBBBGGG 



= 

□□□□□□□□□ 

□□□□□□□no 

□■■■□□■□a 

■□□■■□■□a 

■□■■■□■□a 

■□□□□□■□a 

□■■■■■□□a 

aaGGOGGaa 

aaaaGGGGa 

GaaaGGGGG 

BGGaGGGGG 

BGGaGGGGG 

aGGaGGGGG 

□□□□□□□DG 

□□□□□□□OO 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□o 

□GOGGGOGG 

□□□□□□□□□ 

□BBBBBOGG 

bgbgggbgo 

BGGBOGBOG 

BGGGBGBGG 

□□□□□□□□□ 

□□□□□□□□G 

BBBBBBBGG 

BOGGGGBOa 

BGGGoaaaG 

bgggoobgg 

□□□□□□□GO 

□□□□□□□□□ 

□□□□□BBOG 

□□□BBOaOG 

BGBGGGGGG 

BBOOnOOGG 

bbbggoggg 

□□□□□□OOG 

□□□□□□□GO 

□□□□□□□GO 

□GBGGGOOG 

□BGGGGOGG 

BGGOGGODG 

□□□□□□□□□ 

OOGOGOGOG 

□OOGOGGOG 

□GGBBBGGG 

□OBGOOBGO 

□GBGGGBGa 

□□BGGOBGG 



< / 
i 

/ < 


- 

- 

n 




- 
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Functional Description (continued) 



' 





iL 

□□□□■■■■a 

□□□□■□□□a 

aoaaaaooo 

aaaaaoaDa 

aaaaaoQoa 

□BaoaDoaa 

□aaoBOGao 

aaaGaaaaa 

□□GGaoaaa 

aaaaaaaaa 

aaaaaaaaa 

oaoaaaoaa 

aaaaaaaaa 

□aaoaaaoo 

aoaoooaao 

ooaaoQooQ 

□aooBDoaa 

□OGODaoDa 

□ooQoaaoD 

aaoaoDaaa 

□BaBOOGOO 

BGOGBOGOG 

BGOGBOOOG 

aoGOoaaoB 

BOOOGGGOG 

□BBGOOOOO 

□OOOOOGOO 

□GBaaBaGG 

□aOGGGOaG 

BOGOGOGGa 

aooGGOooa 

aoooooooa 

□aooGooao 

ooaaaaBGG 

□□□□□□oaa 

□□□□□□□□a 

□□□□□□OOB 

□oaoooooa 

□OaODODOB 

GoaoaoooB 
CM □□OODOaOB 

GODGOGGOO 

GooGaaaaG 

□□□aoDGGa 

□DaaaoGGB 

□ooaaooaa 

oooaooooa 

aaaaaaaaa 

□BGOaGGaG 

□OBOOBGOB 

aooaaoBGo 

□aooaGGBO 

□□aGaaaoa 

aaoaooBQG 

oaooaDoao 



u. 

□□□□□aaaa 

□□□□BOaOB 

□□□□aanaa 

BDoaoBBan 

aoBDaoooa 

Boaaaaoaa 

□aaoBoaoa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

□QOooaaOD 

□□□□□□□DO 

aoaooaooD 

□□□□□□□aa 

□oaooooaa 

OODODOODD 

ODOOOOODD 

OGOOBGOaO 

□OGaaaooG 

□oaoooaoo 

GBOGGOGBO 

aoooooooa 

□OOGOGOOO 

GGOOGOOGO 

□□oooaoGO 

□□□OaOGOG 

□oaaooooo 

OGaoOOGOO 

oaooooooo 

ooaaoooaa 

aOBGDOOOO 

OBOoaaoao 

BGoaaoaoD 

oaaaooaoa 

GOBoaaaao 

□ODBOOOOa 

□oaoooooo 

□□□□aaaaa 

□□□BGOOGG 

GOGBOOGOO 

□OOBGOGOO 

□□□□aaoaa 

□Booaoaao 

□oaaGoooo 

ooBOGaoDa 

□BOOGoaaa 

BGoooaaaa 

aoooaoooa 

oaoooooao 



o 

□□□□□aaaa 

□□□□aaaao 

□□□□aaaaa 

aaaQBaaaa 

aQoaaaQoa 

BDDDaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

□aaoBnaoB 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

□OaOBODOO 

aooDaoDOo 

aaDoaoDco 

□ODOaODOO 

oaaoaoooG 

□□□OaODDD 

□□□oaoooo 

□OGOGODGG 

□□oaaaoDo 

oooaoBooo 

GGOBQaOOO 

□OGBOaGGa 

□□□aoaaoo 

□□□□GOOOD 

□aooooaoo 

OOBOOGOOG 

□ooaaGoao 

□oaoooooo 

OaGOOQOOO 

oaoGOoano 

OOOOOOOOO 

BaaaaBBBa 

aODOaODDB 

auuuaoaoa 

aoDoaoDOB 

ooooaaooo 

□GGGaaaaa 

□□GaoOGGG 

□OaaGGGOG 

GOGaaaaaa 

□□□BaaoDD 

□□□BooGao 

GOOOOOOOO 

□GOGBOOGO 

GBaaoBBao 

aaaoGGGOB 

aoooooooa 

□□□□□□□□a 

□□□□□□□□o 



u 

□□□□BODDa 

□aQQaoaao 

□□aaBDBoQ 

BoaQaBBaa 

aaBDQQaaa 

aaaaoaoaa 

aaoaaaaao 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

□□□OODOOD 

aoooaoaoD 

□□□□OOQDO 

aaooaaoao 

aonoaaaoa 

ODODODOaO 

□ooQOODoa 

GGOGOOOOG 

OOOODGOOD 

BOOOOOGoa 

oaoGooGao 

□oaoooaoo 

□ooaoaooG 

aoooaooao 

GoaoooooB 

□□ooooooa 

□□□□□□□□a 

□□□□□□□□a 

□□□□ooGoa 

Goaoooooa 

OODODDOBO 

□□□□□□BOO 

□□OaOBDOO 

GoooaaDOD 

□ooaaoaoa 

OQBOOaOOO 

□aaoooooa 

□OGGGOGOG 

GOGOOGGOO 

□OGGOOGGa 

BaaaBBaaB 

BooaooGGa 

□□□□□□□GO 

LOOGGOGaO 

□□□OOGOGG 

□GOOGOODO 

□GOOOGOOO 

BBaaoaaaG 

OGDOGGDOO 

□□□□GODOG 

DODoaoooa 



eo 

□□□□□Baao 

□□□□□BDOa 

BBaaaaaaa 

□aaaaaaaa 

aonoBanna 

□□□BDoaDa 

aaaaaaaoa 

oaaaaaaaa 

aoaaoaaaa 

ooaaaaana 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aoooaooaa 

ooooaaoaa 

□□□oaoooa 

aaaaaaaaa 

□□□□aOQDQ 

oaaoaoooD 

aoooaooao 

□□□□□□□GO 

□OOGOOOGO 

COGQOOOGO 

oaaooaaoo 

□aaooaaaa 

QOGOQOOOa 
CM □□□OOGOOQ 

aoGOGOooa 

oaaaooaao 

□oaaaoaoo 

nooaoaoao 

□oooaaooo 

□ooooaoaa 

□QGOOOOOa 

oooooaaaa 

BDOODOGOB 

BaOOOOOOB 

BOODOODOB 

aaBaBBBBB 

aaoDODooD 

□□□□□□□□□ 

□GGDGGGOa 

□GGaaOGBG 

□OOGBOaGO 

□□□□□BDOO 

□□□□GGBOO 

□□□OGOOGO 

□□□□□□GOG 

BOOOOOODB 

BGGOOGOGa 

OBBBOBBBO 

□OGGBGDOO 

□□□□□oooa 



< 

□□□□■□□□a 

□□□□aoaan 

□□□□BDaao 

□□□aaaaaa 

oaoaaaoDa 

□□aaaoaoa 

aaaaaaGaa 

aaaaaaaaa 

aaoaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaGGa 

GaaoDOBOo 

□□□aoaooa 

ooooaoaoo 

oaaaaaaaa 

ooooaooQo 

oaoaoaooo 

ooaaooaoo 

DOOGOGOGG 

GGOOOOGOG 

□□oooooaQ 

GGoaaooaa 

GooaaGaaa 

OOOOOGOGO 

GGGOOGOOG 

aooooooOG 

aOOOOOGOG 

aaaaaaaaa 

aoGGOoooa 

BGGGGGaGa 

GGOGOGGOa 

GGDOGGGBG 

BBOODOPOa 

aoaaaaooa 

aooaooooa 

aODOBGOOB 

aDDOOBOOB 

BoaoDGaoB 

BooGoaQaa 

□OGGOGGOO 

□aBaaaaBG 

□aaoaaGDa 
□GOOOGGGa 
DGGDDDGGa 
□GGOGOGBa 
CM GGOGGOGDG 

□□OGOGOOG 

OaOBOOGOB 

□□□BBGaaa 

□□GBoaGoa 

□□aaooBOB 

QaaaoGDaa 

□□□aOGGGB 



O) 

□□□□□■□□a 

aODODBOOD 

□□□□□aaaa 

aaBaaaQGa 

aoaaaaooo 

aoBoaaooa 

aaaaaaaQa 

aoQoaaaaa 

aooooQaoG 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

□aoooaooD 

OOOOOOOOO 

aaaaaaaaa 

□aoooooao 

aoooaoGoa 

OOOOOOOOO 

OOOOGOOOO 

GaaaaaaGG 

aGOGaGoaG 

aooaaGDoa 

aoooaoooa 

aGooaoGOB 

BOGOaGGOa 

GaBaGOGGO 

GGGGGGGGO 

aGOGGGoaa 

BGOOOGGOa 

aaaaaaaaa 

BQGOGGGOa 

BGGOOGOGa 

GOGDGGGGO 

BBOGOaODG 

ODBOOOODG 

ODOaODODO 

oGOoaaaaa 

GGaaOGOOD 

GOaGOODOG 

aaGGGGGOG 

OOGGGGGGa 

□GGOGOOGG 

□GOOOOGDB 

□BGBBaaaB 

GGOBGOaua 

OGGGOGOGG 

oaarooGDO 

OGGGOOGGG 

GBaBBBBBO 

GGGOBGGOB 
□□□□□BGGB 
GDUODBOGB 
OGGGDaGGa 
CM GBBBBGGaG 



eo 

□aaaaoaao 

oaoaaoaaa 

□□□□■□ana 

□aaaaaGDB 

acBcaaGaa 

aGaaaoGDG 

■aaaaooaG 

coaaoaaaa 

aGGGGoaaG 

GGGaoGaaa 

aaaaaaaaa 

aaaoaooaa 

aaaaaaaaa 

aaaaaoaao 

OOOOOOOOO 

OOOOOOOOO 

BOOGODOGa 

□aGooooao 

ooaaaaaGo 

OOOOOOOOO 

OGOGOOGOO 

GaaaaaaaG 

aaaoBOGoa 

aGGOBGoaa 

aoooaGoaa 

aoGaaooaa 

aaoDaoGGB 

OBaaoaaaa 

GGGDaOGGO 

ODOOaOGGG 

GGGGBGGGO 

OOGOaGOGO 

OGGOaGOGO 

aaGGGGOBB 

OOBGOOBOD 

□ooaoaoGG 

GOaOBGDDG 

OGGaGaOGO 

OGBOGDaOO 

aaOGOGGBB 

aOODGGGGO 

□□GGBaaaa 

GGOaaOGGG 

aODBOOGGa 

OGOaaOGGG 

GQGGBOGGG 

□□□□□GGGG 

□OGBGGGGB 

GGDGaGDBG 

GGGOGaaDG 

□GGGOaaDG 

□GGGaGGBG 

GGGBGGGGB 

X 

a 

o 

CO 

CM 


- 

□□aaoGGGa 

□□□□□DGGB 

aoGGGoaaa 

□aGBOBBaa 

BOBoaaaGG 

aaaoaaGGG 

aaaaaoGoa 

aaaaaaaaa 

oaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaoa 

laaaaoaaa 

iaaaaaaao 

OOOOOOOOO 

OOOOGOOOO 

aaaoooooo 

aaaoooooo 

Gooaooooo 

OOOOOOOOO 

GOOOOOOOO 

aaGGGGCOG 

BGaOGOOOO 

BOOaOGOGG 

aaooaoooo 

aoGOGaaaa 

aOGGOGOOG 

aaGGOOGGO 

oaGGoaaao 

BGGGoaooa 

BGOGGaGOa 

aooGnaooa 

aOOGGGGGB 

aaGGGGGao 

GGaaaaaGG 

GOGGGODBD 

GOOGDOaGG 

GOGOaaODG 

GGGGGOaOG 

GDGGOGOBG 

□□□OOGGGG 

DDBGBGGGB 

GBGOGBGDB 

GBGGGaaGB 

□BDGGaGGB 

CM GOBBBGGBG 

□□□aaaaaG 

OGGGGGGGB 

□□□□□□GOB 

□□□□□aaBO 

GUGOGUGOB 

□□GGOGGOa 

□□OBBaaaa 

00 

CO 

00 

s 

o 

/ 


□□□□aaGoa 

□OGGaaGao 

□□□□□□BGO 

Gaaaaaaaa 

IGBGGOGGG 

■aaaGaGQG 

□BaaaaaaG 

aaaaaaaaa 

aaoaaaaaa 

aaaoGoaaa 

aaaaaaaaa 

aaaaaaaaG 

aaaaaaaaa 

aaaaaaaoa 

aooaaaooa 

ooooGoaao 

Daaoooaao 

aooaoaooa 

aoooaaooa 

aoaaoaooa 

oaaoaoaao 

ooGGGaaaG 

aoooaGODa 

aoooaaGoa 

aGGoaaaoa 

aoGGaoGGa 

GBGGBOOaa 

aGOGGOGOG 

aGGGGGGGG 

aOGGGOOGG 

aGGOaOGGO 

aOGGBOGGG 

aGGOaGOGG 

aaaooGGOG 

GGoaaoooo 

□OGGOBBOG 

OGooGOGaa 

□GGOoaaaG 

OGoaaGGoo 

BBBGGOGOO 

GGGGGGDGG 

OBGOnOGGO 

BOGOaGGGG 

BGOGBOGOG 

□BBaaBBBB 

□DGGBGOGG 

.OGDGaOGGG 

□ OGBaBGOG' 

□□□□□□BOO 

□□□□□□□BO 

□□□□□□□□a 

□□□□□□□BG 

□□□□□□BDG 

□□□BBBGGG 

CO 

LU 

oc 

D 

u 


u, 

□aaaGaaaa 

□aaGaacaa 

□□□aaaGGB 

aaauuaaaa 

laaGaaoao 

aaaaaoGGG 

aBaaaaGGG 

aaoaaaaaa 

aGGGaaoaa 

aaaaaaaaa 

aaaaaaaaa 

□aaaaoaao 

oaoaaooao 

aaaaaaaoo 

□aooooaoo 

□oaooaoao 

GOaaGoaoo 

ooooaoaoo 

oaoooaooo 

acaoaoaoo 

oaoooooao 

aGGOGBaGG 

aoaGaooaG 

aGoaGGOGa 

aooaooooa 

aaoaGOGoa 

aoDaoGGGa 

aaaaGGGao 

aGGGGGGOa 

aOGGGGGGa 

aGGGGGGGa 

aoGoanoGa 

aoGoaOGGa 

aoGGaGOGa 

GOGGQCOOa 

GGGaOGGOB 

OGGOQOGOB 

GOGGUGOOB 

GOOOGOOOa 

OGGDGGGOG 
OGGGBBDGG 
□GGaGaGGa 
GGGaGaGGB 
□□□aOBDGB 
. □□GBGaGGB 
GGGGBBBBO 

□□□□□□□□□ 

□□□aaBBaa 

□OGDOOOBG 

□□□□□□□□a 

□□□□□□□□a 

□□□□□□□OB 

□□□aaaBBG 

u. 



□□□oaaGGG 

□DOOGaGoa 

□□□□□BaaB 

BGDOaaaDa 

BGaaaaoaG 

aaaaaaGaa 

□ooaoaoao 

oooaaaaaa 

oaoaaaoaa 

□aBBOoaao 

aaooaaoao 

aoooaoooa 

aaoooaaoo 

oaoaaaoaa 

aaooaaoao 

□aooBOoao 

□aooaooao 

oaaaooaao 

GGGGGGaOG 

oaoaaoaaa 

aoaoDGaoa 

oooaooaoo 

GGOoaoaGO 

□GODoaaoo 

GoaaaaaGo 

DaOGGOOaG 

aGGGGGOOa 

aOGOGGGOB 

eooooGooa 

aaaaaaaaa 

BOOOOGOGa 

aaOGGGGOG 

BQGOGGGUa 

BOOGOGOOG 

BBaBBBBBB 

BQOODOOOG 

aaGOOGUDQ 

BOGOGGOOD 

□GOOGOGGO 

□□□□BDoao 

□GGBOGOaa 

□□□BaDDDB 

OGGBOaOGB 

OGaoBaaao 

□□□□□□□GO 

□□□□□□□BO 

□□□BanoDB 

□□□BGGOGB 

□□□BOOGDO 

□□□aaoDoo 



.n 

aaoaaaaaa 

aoaaoBaaa 

aaoaaaaaa 

aaaoaaaaa 

aaaaaaaaa 

aaaaaaaaa 

naaoaaoaa 

□aooaoaoa 

oaooaoaaa 

oaaaauuua 

aaooaoooo 

aoaoaooao 

□□□aoaooo 

□ooaoaoao 

uoaaoaooD 

ooaaaaaoo 

oooaoaoGo 

GaaaoBaBO 

aoooaoooa 

aoooaoooa 

BoaaaoooB 

aoooaaooa 

aoooooooa 

oaoooDooa 

oaGGOOGBO 

aaaoGGoaa 

aoaaoGOGB 

aoooooooa 

aooaoaoDB 

oaoooooao 

□Daaaaaoo 

□aaoGaaaa 

aaooaouoB 

aaoGBaooa 

BOOOBOUOa 

aDGDBDGOB 

aooaaaooa 

oaaaaoaaa 

□□□□□□□GO 

□GGOBGaaO 

□□□Baaoaa 

□OOBOOGOB 

OGGBGaOOB 

□□□BODOOB 

□GGOBBaaO 

□□□□□□□□a 

□□□□BOOBO 

□□□BDOBGB 

nooBGOBoa 

GOOaaBGGB 

□□GBOBOaB 

□□□□BOOBO 



- 

aaoaaaaaa 

aaaaQBoaa 

aaaaaaaaa 

BGaaaaaaa 

BaaGBaaaa 

aaaaaaaaa 

GBaoaaaaa 

oaoGoaaoa 

ooooaoaoa 

oooaaaoaa 

oaaaoaooa 

aaooaaoao 

aooaaoGoa 

OOOOOOOOO 

OGOOOOODO 

aaaoooooo 

ODODDOOOD 

□□□OOODOO 

aaaaooooo 

OOOOOOOOO 

□aaoDooGa 

aooaooooa 

aoooaoooa 

aoooaoGoa 

aoooaoooa 

aoooaaooa 

oaooooaaa 

oaaaoBaaD 

aaDOBGODa 

aaoDBODoa 

aaoDaoDOB 

BDaoaoDoa 

aDDoooaoa 

oaaaaDDoa 

aaooaaGaa 

aoDoaaaaa 

BGOoaaaoa 

aooaaaaoo 

aaaaaaooa 

□□□□□□□DO 

□DGOBBBBO 

□□□BoaooB 

DOGBGoaaa 

□□□aaoooB 

OGOGaaGBO 

□□□□□□□DO 

OGGaaDGaa 

□□□BDoana 

□□□aaoDGo 

□□□aaaaaG 

□□□□BOGaG 



- 

aaoaaaaaa 

aoaooaaaa 

aaoaaaaaa 

aaaaaaaaa 

aGaaaaaaG 

aaaaaaaaa 

ooooooooa 

oooaaaaaa 

□oaooaooa 

oaaaoaooa 

aaaaaaooo 

aoaoaoooo 

□OOOOOOOD 

OOOOOOOOO 

ODODOODOO 

aaaaaoaao 

ODODOODOO 

□OOODOOOD 

OaODODDOO 

DaoooaaGo 

ooooooooa 

ooooGoooa 

aaaaaaaaa 

OBOOOOGOa 

□oaoooooa 

□□□□□oooo 

oaDDOBDOO 

aDDOoaaoo 

aooooaooo 

aDDDOBDOO 

□aaooaDDo 

□□aaaaaaa 

□aooDOoaa 

aooaooaaa 

BDaoGBDaa 

aaGOGODoa 

□BOOGDOaO 

□oaaaaaoo 

□□□□□□GOB 

GOOGaaBBO 

□□□BGaOOB 
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National 

Semiconductor 


Character Generators 


MM5240AA, MM5240AE, MM5241ABL American and 
European Character Fonts 


Three popular 64-character subsets for displays 
and printers are now available from National as 
single-chip, standard character generators. These 
parts, listed in Table 1, are sold off-the-shelf 
without a ROM masking charge. 

The ROMs are static, bipolar-compatible types, 
operating without clocks on standard power sup- 
plies. Row and column access times are typically 
450 and 700 ns respectively. An MM5240 2560-bit 
ROM is used for the 5x7 horizontal-scan fonts 
and an MM5241 3072-bit ROM for the 7x5 
vertical-scan font. The MM5240 and MM5241 
operate over the temperature range of — 25°C 
to -H70°C. 


Input-output configurations and character formats 
for the ROMs are shown in Figures 1 and 2. Appli- 
cation Note AN-40 The Systems Approach to 
Character Generators gives examples of line and 
column address-control logic, and CRT and printer 
operating techniques. Refer to the MM5240 
and MM5241 in section 7 for specifications 
and ordering information. 


TYPE NUMBER 

CODE 

64-CHARACTER SUBSET 

FIGURE 



Horizontal Scan (5 x 7) 
MM5240AA 


Upper-case alphanumeric 

3 

CE 

1 

MM5240AE 


Lower-case alpha and symbols 

4 



Vertical Scan (7 x 5) 
MM5241ABL 

ASCII 

Upper-case alphanumeric 

8 

CE 1 
1 

CE 2 
1 


TABLE 1. Single Chip, Standard Horizontal-Scan and Vertical-Scan Character Generators 



CHARACUR rORMAT 


CHARACTER FORMAT 


FIGURE 1. Horizontal-Scan Character Generator ROM 


FIGURE 2. Vertical-Scan Character Generator ROM 
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MM5240AA, MM5240AE, MM5241ABL 




















MM5240AA, MM5240AE, MM5241ABL 


Also, characters 36 and 37 in ASCII (x3.4 1968)* 
are respectively a carat (or circumflex), and an 
underscore. These are awkward in a video display, 
so they are replaced by the more useful arrows. 
(The arrows are related to characters in an older 
teletypewriter set.) This font is shown in Figure 3. 
The MM5240 data sheet should be referred to 
for operating characteristics of all the horizontal- 
scan character generators. 

The MM5240AE generates unique symbols de- 
scribing the ASCII-7 control codes, as well as 
lower-case letters (Figure 4). The designer may not 
wish to display or dot-print the symbols. Since the 
symbols are generated only when the most signifi- 
cant address bit is logic "0", this bit line may be 
used to disable the chip, and blank the screen when 
control signals are transmitted. If not, the system 
designer can use the symbols as he likes. 

•American National Standards Institute (ANSI) 



FIGURE 4. MM5240AE Horizontal-Scan 

ASCII-7 Lower-Case Graphic and Control 
Symbol Subset 
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VERTICAL SCAN FONTS 


The standard vertical-scan subset in Figure 8 
is generated with 6-bit codes derived from code 
recommendations R646 of the International 
Organization for Standardization. 

The ASCII subset in Figure 5, is practically identi- 
cal to the horizontal-scan subset. The underscore 
(character 37) is dropped below the line so lhat 
it may be used as a cursor. 

Vertical-scan character generators are generally 
used in dot-matrix tape printers, ink-dot spray 


printers and high-definition sawtooth or pedestal- 
scan CRT displays. They may also be used to 
control raster-scan TV tubes or CRTs if the tube 
is turned on its side so that the raster scan is made 
vertically to provide a page-like format. 

With standard programming, the bits in the column 
outputs are sequenced for a sawtooth scan with dot 
columns running in the same direction, as illus- 
trated in Figure 6a. For a pedestal scan. Figure 6b, 
alternate columns can be reversed by putting an 8- 
bit shift left/right TTL shift register (DM74198) 
on the output as illustrated in Figure 7. 
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MM5240AA, MM5240AE, MM5241ABL 





MM5240AA, MM5240AE, MM5241ABL 



FIGURE 7. Conversion of Sawtooth Output to Pedestal Scan 


CUSTOM FONTS 

The two ROMs can also be custom-programmed 
to provide special characters, or fonts larger than 
5x7. The MM5240 actually stores 64 5 x 8 
characters or character segments and the MM5241 
stores 64 8 X 6 characters or segments. They are 
not limited to 5 x 7 and 7x5. 


For example, the extra height may be used in an 
otherwise 5x7 font to drop the tails of commas, 
semicolons and lower-case letters below the bottom 
line of the capital letters. Fonts as large as 16 x 12 
are entirely practical without additional control 
logic, using the chip-enable feature of four 
MM5241S. Large-font organizations are discussed in 
AN-40. 
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National 

Semiconductor 


Character Generators 


MM52116FDW, MM52116FDX Character Generators 


General Description 

The MM52116FDW, MM52116FDX are 128-character, 
N-channel, silicon-gate character generators designed pri- 
marily for CRT display applications. The MM521 16FDW/ 
MM521 16FDX provide 5x7 and 7x9 row scan character 
fonts, respectively. They provide complete DTL/TTL 
compatibility with single 5V power supply operation. 


Features 

■ 128-character row scan 

■ 5x7 or 7x9 font 

■ Maximum access time — 450 ns 

■ TRI-STATE® outputs for bus interface 

■ Programmable chip selects 

■ Single 5V power supply 

■ Inputs and outputs TTL compatible 

■ MM2316E and MM2716 pin compatible 


Block and Connection Diagrams 


Chip Select Enable Pattern CS1 = 0, CS2 = 0, CSS = 1 

Lo LI L 2 L 3 Dual-ln-Line Package 



Chip Select Enable Pattern CS1 = 1, CS2 = 0, CSS = 1 


Logic Symbols 



Order Number IVIM521 16FDW-D 
or MM52116FDX-D 
See NS Package D24C 

Order Number MM521 16FDW-N 
or MM52116FDX-N 
See NS Package N24A 



MM52116FDW, MM52116FDX 






MM52116FDW, MM52116FDX 


Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin —0.5V to +6.5V 

Operating Temperature Range — 25°C to +85°C 

Storage Temperature Range — 65°C to +150°C 

Power Dissipation 1W 

Lead Temperature (Soldering, 10 seconds) 300°C 


DC Electrical Characteristics 

(Ta within operating temperature range, Vqc ~ 5V ±10%, unless otherwise specified). 



PARAIVIETER 
(Note 2) 

CONDITIONS 

MIN 

TYP 
(Note 4) 

MAX 

UNITS 

Input Current 

V|I\| = 0 to Vcc 



10 

pA 

Logical "1” Input Voltage 


2.0 


Vcc+10 

V 

Logical "0" Input Voltage 


-0.5 


0.8 

V 

Logical "1” Output Voltage 

IqH =—400 juA 

H 



V 

Logical "0" Output Voltage 

IqL “ 3.2 mA 

■ 


0.4 

V 

Output Leakage Current 

VoUT ” 4V, Chip Deselected 



10 

pA 

Output Leakage Current 

VouT = 0.45V, Chip Deselected 

■ 


-10 

pA 

Power Supply Current 

All Inputs = 5.25V, Data 
Output Open 

■ 

70 

100 

mA 


Capacitance 



PARAMETER 
(Note 3) 

CONDITIONS 

C|N 

Input Capacitance (All Inputs) 

V|N = 0V,Ta= 25‘'C, 
f = 1 MHz, (Note 2) 

COUT 

Output Capacitance 

VoUT = 0V,Ta= 25°C, 
f = 1 MHz, (Note 2) 


TYP 
(Note 4) 



MAX 

UNITS 

7.5 

pF 

15.0 

pF 


AC Electrical Characteristics 

(Ta within operating temperature range, Vqc “ 5V ±10%, unless otherwise specified). See AC test circuit and switching time 
waveforms. 


PARAMETER 

CONDITIONS 

tAC 

tOFF 

tA' 

Chip Select Access Time 
Output Turn OFF Delay 
Address Access Time 

See AC Test Circuit; tAC tA Measured to 

Valid Output Levels with tj- and tf of Input 
<20 ns; tQFF Measured to <±20 pA Output 
Current 


TYP 
(Note 4) 



MAX 

UNITS 

120 

ns 

100 

ns 

450 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Positive true logic notation is used: logical "1" = most positive voltage level, logical "0" = most negative voltage level. 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4: Typical values are for T/^ = 25°C and nominal supply voltage. 
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Functional Description (Continued) 


01 (LSB) 


02 


03 


04 

DOT 

05 

REGISTER 

06 


07 (MSB) 



CHIP SELECT 
CS1 CS2 CSS 


CHARACTER ADDRESS 
A6 A4 AS AO 


LINE COUNT 
LS L2 LI I 


DOT MATRIX 


0 10 1 111 

0 1 1 0 'too 

0 111 10 0 

1 0 0 0 1 0 0 

Note. A "1" = V|n for address, line count and chip select inputs and a "1" = Vqh foi" outputs. 

FIGURE S. Example of Generating the Character A 


PERIPHERAL 

INTERFACE 


BI- 

DIRECTIONAL 

BUFFER 


MICRO 

PROCESSOR 


TRI-STATE® 

BUFFER 


VIDEO 

INTERFACE 

I 

I 


SYSTEM CONTROL BUS 



TO 

ATTRIBUTE 

DECODE 


I 3-TERMINAL 
VERTICAL" I MONITOR 
SYNC. ' 


X X 


FIGURE 4. Typical MM52116FDW and MM52116FDX Application 
846 
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Functional Description (Continued) 
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FIGURE 6. MWI52116FDX 


8-48 












Functional Description (Continued) 


MM52116FDX ASCII CHARACTER SET IN HEXADECIMAL REPRESENTATION 


Character 

7-Bit 

Hexadecimal 

Number 

Character 

7-Bit 

Hexadecimal 

Number 

Character 

7-Bit 

Hexadecimal 

Number 

Character 

7-Bit 

Hexadecimal 

Number 


00 

SP 

20 

@ 

40 

\ 

60 


01 

! 

21 

A 

41 

a 

61 


02 

" 

22 

B 

42 

b 

62 


03 

# 

23 

C 

43 

c 

63 

EOT 

04 

$ 

24 

D 

44 

d 

64 

ENQ 

05 

% 

25 


45 

e 

65 

ACK 

06 

& 

26 


46 

f 

66 

BEL 

07 

' 

27 


47 

9 

67 

BS 

08 

( 

28 


48 

h 

68 

HT 

09 

) 

29 


49 

i 

69 

LF 

OA 

» 

2A 


4A 

j 

6A 

VT 

OB 

+ 

2B 


4B 

k 

6B 

FF 

OC 

' 

2C 


4C 

1 

6C 

CR 

OD 

- 

2D 

M 

4D 

m 

6D 

SO 

OE 


2E 

N 

4E 

n 

6E 

SI 

OF 

/ 

2F 

0 

4F 

0 

6F 

DLE 

10 

0 

30 


50 

p 

70 

DC1 

11 


31 


51 

q 

71 

DC2 

12 


32 


52 

r 

72 

DC3 

13 


33 


53 

s 

73 

DC4 

14 


34 

T 

54 

t 

74 

NAK 

15 


35 

U 

55 

u 

75 

SYN 

16 


36 

V 

56 

V 

76 

ETB 

17 


37 

w 

57 

w 

77 

CAN 

18 


38 

X 

58 

X 

78 

EM 

19 


39 

Y 

59 

y 

79 

SUB 

1A 


3A 

Z 

5A 

Z 

7A 

ESC 

IB 

; 

3B 

[ 

5B 


7B 

FS 

1C 

< 

3C 

\ 

5C 


7C 

GS 

ID 

= 

3D 

] 

5D 

ALT 

7D 

RS 

IE 

> 

3E 

t 

5E 

ESC 

7E 

US 

IF 

? 

3F 


5F 

DEL.RUBOUT 

7F 


8-49 


MM52116FDW, MM52116FDX 
































Section 9 

Memory Support 
Circuits 



National offers a complete line of memory drivers, 
buffers, sense amps, voltage comparators, and other 
interface circuits. This section provides data on 
several frequently used interface devices. Refer to 
National’s Interface Integrated Circuits Databook for 
additional data on our complete line of interface 
devices. 





National 

Semiconductor 


Memory Support Circuits 


National offers a selection of memory support circuits 
to facilitate the interface of memory components in 
systems architecture. The memory support circuits were 
developed specifically to accommodate the addressing, 
clocking, data I/O, and control signals associated with 
memory systems application as shown in figure 1. 
Additional circuits are available to interface with data 
bus structured computers and microprocessors. For 
additional information contact National's Interface 
Product Marketing Manager. 

FEATURES OF THE TTL LEVEL MOS DRIVERS 

Figure 2 compares the switching response of the DS3628 
with a 74S TTL gate. Two features can be observed from 
the switching waveforms: 1) the DS3628 is as fast as 
the 74S TTL driving TTL loads, and 2) the output high 
level (Vqh) of the DS3628 is higher than that of the 
74S TTL. 

In a memory system composed of MOS RAMs the load 
is capacitive and not resistive. Figure 3 compares the 
switching response of the DS3628 with a 74S TTL 
gate driving capacitive loads of 50pF, 150pF, and 
300 pF. The switching waveforms show that the fall 


time of the DS3628 is as fast as or faster than those 
of the 74S TTL, but most obvious is the rise time of 
the DS3628 — much faster than that of the 74S TTL. 
In addition, the 74S has an objectionable glitch in its 
rise time. The output high (VoH> level of the DS3628 is 
higher driving capacitance due to a bootstrap effect in 
the circuit. 

The switching response of the circuits interfacing with a 
memory array is important since any delay subtracts 
from the overall memory access time. The switching 
response driving a capacitive load is more important; 
as an example, the address drivers might be expected to 
drive 420 pF in a memory containing 64 MOS RAMs 
with 5pF input capacitance each plus lOOpF of board 
capacitance. The same is typical of clock signals, select 
signals, and read/write signals. 

The input logic levels of MOS RAMs are generally higher 
than TTL gate levels (typically 400 mV higher). There- 
fore, the higher output high level (Vqh) of the DS3628 
is preferable for noise immunity and switching overdrive. 

The features of the DS3628 are typical of the other 
TTL level memory support circuits shown in the Selection 
Guide. 



Figure 1. Memory System Block Diagram 
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Memory Support Circuits 





Memory Support Circuits 


DAMPING RINGING OF CLOCK SIGNALS 


Ringing of clock signals in a system where the logic 
fan-out is less than 10 is not generally a big problem, 
but with higher fan-out the increased capacitive load 
associated with even a small amount of wiring inductance 
is a problem. When the capacitance is small the switching 
currents are small, but as the load increases the increased 
current through the inductance makes the effect of the 
inductance increase. 


To reduce the associated ringing on the clock signals a 
resistor may be placed in series with the output of the 
clock driver to critically dampen the signal response. 
Many of the memory support circuits are available with 
this resistor in the output, such as the DS3649 which 


has a 15f2 dampening resistor, or the DS3679 which is 
functionally the same without a dampening resistor. 

FALL-THROUGH LATCH 

In many memory applications a holding register is 
required either for address or data I/O. Most commer- 
cially available registers have an objectionable propaga- 
tion delay since the circuit's response is the sum of many 
gate delays. The address and data I/O paths are critical 
to the memory system access time and a faster register 
is preferred. The memory support circuits provide a 
selection of faster latches. These circuits are the 
DS3645/75 and the DS3647/77/147/1 77 series. These 
registers are faster since the latch function is in parallel . 
instead of series with the signal path. 



Figure 2. Switching Response with TTL Load 
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Memory Support Circuits 





Memory Support Circuits 


SELECTION GUIDE FOR N-CHANNEL MOS MEMORY INTERFACE CIRCUITS 

(Refer to 1980 Interface Databook for complete specifications) 


Device Number and Name 


CD4520B 

Dual Synchronous Up Counters 
DM8556 

TRI-STATE® Programmable Decade/ 
Binary Counters 

DM74LS373, DM74LS374 

Octal D-Type Transparent Latches and 

Edge-Triggered Flip-Fiops 

DM74S240, DM74S241 

Octal TRI-STATE Buffer/Line Driver/ 

Line Receiver 

DP7303/DP8303, DP7304B/DP8304B, 
DP7307/DP8307, DP7308/DP8308 
8-Bit Bidirectionai Transceiver Families 

DP8212 

8-Bit Input/Output Port 

DP8216, DP8226 

4-Bit Bidirectional Transceiver 

DP8350 

Programmable CRT Controller Series 
DS3628 ' 

Octal TRI-STATE MOS Driver 

DS3631, DS3632, DS3633, DS3634 
CMOS Dual Peripheral Drivers 

DS3643, DS3673 

Quad Decoded MOS Clock Driver 
DS3644, DS3674 
Quad MOS Ciock Driver 

DS3645, DS3675 

Hex TRI-STATE MOS Driver Latch 

DS3647, DS3677, DS36147, DS36177 
Quad TRi-STATE MOS Memory 
I/O Register 

DS3648, DS3678 

TRI-STATE MOS Multiplexer/Driver 

DS3649, DS3679 
HEX TRI-STATE MOS Driver 
DS36149, DS36179 
HEX MOS Driver 

DS75322, DS3622 
Dual TTL-to-MOS Driver 

DS8T26, DS8T28 

Quad TRi-STATE Bus Driver 

MM74C240, MM74C244 

Octal Buffers and Line Drivers with 

TRI-STATE Outputs 

MM74C373, MM74C374 
TRI-STATE Octal D-Type Latch and 
Flip-Flop 


4k 

16k 


Timing 

RAM 

RAM 

Data 

and 

Address ‘ 

Address 

i/O 

Control 

Drivers 

Drivers 


Drivers 









National 

Semiconductor 


Memory Support Circuits 


CD4518BM/CD4518BC,CD4520BM/CD4520BC 
Dual Synchronous Up Counters 


General Description 

The CD4518BM/CD4518BC dual BCD counter and the 
CD4520BM/CD4520BC dual binary counter are imple- 
mented with complementary MOS (CMOS) circuits 
constructed with l\l and P-channel enhancement mode 
transistors. 

Each counter consists of two identical, independent, 
synchronous, 4-stage counters. The counter stages are 
toggle flip-flops which increment on either the positive- 
edge of CLOCK or negative-edge of ENABLE, simplifying 
cascading of multiple stages. Each counter can be 
asynchronously cleared by a high level on the RESET 


line. All inputs are protected against static discharge by 
diode clamps to both Vqd and VsS- 

Features 


Wide supply voltage range 
High noise immunity 
Low power TTL 
compatibility 


3V to 15V 
0.45 vdd typ 
fan out of 2 
driving 74L 
or 1 driving 74LS 


6 MHz counting rate (typ) at Vdd = 10V 


Truth Table 


CLOCK 

ENABLE 

RESET 

ACTION 


1 

0 

Increment counter 

0 

“V 

0 

Increment counter 


X 

0 

No change , 

X 

J~ 

0 

No change 

J~ 

0 

0 

No change 

1 


0 

No change 

X 

X 

1 

Q1 thru Q4 = 0 


X = Don't Care 


Connection Diagram 

Dual-In-Line and Flat Package 
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CD4518BM/CD4518BC,CD4520BM/CD4520BC 







National Memory Su 

dui Semiconductor 

DM7555/DM8555, DM7556/DM8556 TRI-STATE® 
Programmable Decade/Binary Counters 

General Description Features 


Memory Support Circuits 


These circuits are synchronous, edge-sensitive, fully- 
programmable 4-bit counters. The counters feature both 
conventional totem-pole and TRI-STATE outputs; such 
that when the outputs are in the high-impedance mode, 
they can be used to enter data from the bus lines. In 
addition, the clear input operates completely independent 
of all other inputs. During the programming operation, 
data is loaded into the flip-flops on the positive-going 
edge of the clock pulse. To facilitate cascading of these 
counters, the MAX COUNT output can be tied directly 
into the count enable input. 


DM7555/8555— Decade counter 
DM7556/8556— Binary counter 
Typical clock frequency 
TRI-STATE outputs 
Fully independent clear 
Synchronous loading 
Cascading circuitry provided internally 





National 

Semiconductor 

Memory Support Circuits 

DM54LS373/DM74LS373, DM54LS374/DM74LS374 
Octal D-Type Transparent Latches 
and Edge-Triggered Flip-Flops 

General Description 


These 8-bit registers feature totem-pole TRI-STATE® 
outputs designed specifically for driving highly-capacitive 
or relatively low impedance loads. The high impedance 
TRI-STATE and increased high logic level drive provide 
these registers with the capability of being connected 
directly to and driving the bus lines in a bus-organized 
system without need for interface or pull-up com- 
ponents. They are particularly attractive for imple- 
menting buffer registers, I/O ports, bidirectional bus 
drivers, and working registers. 

A buffered output control input can be used to place 
the 8 outputs in either a normal logic state (high or low 
logic levels) or a high impedance state. In the high 
impedance state the outputs neither load nor drive the 
bus lines significantly. 

The output control does not affect the internal operation 
of the latches or flip-flops. That is, the old data can be 
retained or new data can be entered even while the 
outputs are OFF. 

The 8 latches of the DM54LS373 are transparent D- 
type latches meaning that while the enable (G) is high 
the Q outputs will follow the data (D) inputs. When 
the enable is taken low the output will be latched 
at the level of the data that was set up. 

Features 

■ Choice of 8 latches or 8 D-type flip-flops in a single 
package 

The 8 flip-flops of the DM54LS374/DM74LS374 are 
edge-triggered D-type flip-flops. On the positive transition 
of the clock, the Q outputs will be set to the logic states 
that were set up at the D inputs. 

■ TRI-STATE bus driving outputs 
“ Full parallel access for loading 

■ Buffered control inputs 

■ PNP inputs reduce DC loading on data lines 

Connection Diagrams and Truth Tables 


DM54LS373/DM74LS373 
Dual-ln-Line Package 

DM54LS374/DM74LS374 
Dual-ln-Line Package 



When output control is high, the output is disabled to high impedance state; however, sequential 
operation of these devices are not affected. 
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DM54LS373/DM74LS373, DWI54LS374/DM74LS374 










DM54S240/DM74S24Q, DM54S241/DM74S241, 
DM54S940/DM74S94Q, DM54S941/DM74S941 



National 

Semiconductor 


Memory Support Circuits 


DM54S24(VDM74S24Q, DM54S241/DM74S241, 
DM54S940/DM74S940, DM54S941/DM74S941 
Octal TRI-STATE® Buffers/Line Drivers/Line Receivers 


General Description 

These buffers/line drivers are designed specifically to 
improve both the performance and PC board density of 
TRI-STATE® buffers/drivers employed as memory- 
address drivers, clock drivers, and bus-oriented trans- 
mitters/receivers. Featuring 400 mV of hysteresis at 
each low current PNP data line input, they provide 
improved noise rejection and high fanout outputs to 
restore Schottky TTL levels completely, and can be used 
to drive terminated lines down to 133S2. 


Features 

■ High performance Schottky TTL line drivers and/or 
receivers in a high density 20-pin package 

■ TRI-STATE outputs drive bus lines directly 

■ PNP inputs reduce DC loading on bus lines 

■ Hysteresis at inputs improves noise margins 


Connection Diagrams 

DM54S240/DM74S240 


Vcc 25 1V1 2A4 IY2 2A3 1Y3 2A2 1Y4 2A1 



TOP VIEW 

1 Y = 1 A when 1 G is low 
2Y = 2A when 2G is low 

When 1G is high, 1Y outputs are at a high impedance 
When 2G is high, 2Y outputs are at a high impedance 


DM54S241/DM74S241 


Vcc 20 lYl 2A4 1Y2 2A3 1Y3 2A2 1Y4 2AI 



When 1 G is high, 1 Y outputs are at a high impedance 
When 2G is low 2Y outputs are at a high impedance 


DIVI54S940/DM74S940 

Vcc 25 1Y1 2A4 1Y2 2A3 1Y3 2A2 1Y4 2A1 



1Y = 1A when 1G and 2G are low 
2Y = 2A when 1 G and 2G are low 
When either 1G or 2G is high, all outputs are a high impedance 


DM54S941/DM74S941 


Vcc 25 1Y1 2A4 1Y2 2A3 1Y3 2A2 1Y4 2A1 



1 Y = 1 A when 1 G and 2G are low 
2Y = 2A when 1 G and 2G are low 
When either 1G or 2G is high, all outputs are at a high impedance 
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National 

Semiconductor 


Memory Support Circuits 


DP7303/DP8303 8-Bit TRI-STATE® Bidirectional 
Transceiver (Inverting) 


Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface 
with bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, 
and CMOS 

■ 48 mA/300 pF bus drive capability 


■ Pinouts simplify system interconnections 

■ Transmit/Receive and chip disable simplify control 
logic 

■ Compact 20-pin dual-in-line package 

■ Bus port glitch free power up/down 


Logic and Connection Diagrams 



Dual-ln-Line Package 



Logic Table 


1 INPUTS 

1 RESULTING CONDITIONS | 

Chip Disable 

Transmit/Receiwe 

A Port 

B Port 

0 

0 

OUT 

IN 

0 

1 

IN 

OUT 

1 

X 

TRI-STATE 

TRI-STATE 


X = Don't care 
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DP7303/DP8303 








National 

Semiconductor 


Memory Support Circuits 


DP7304B/DP8304B 8-Bit TRI-STATE® 


Bidirectional Transceiver (Non-Inverting) 


Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface 
with bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, 
and CMOS 

■ 48 m A/300 pF bus drive capability 


■ Pinouts simplify system interconnections 

■ Transmit/Receive and chip disable simplify control 
logic 

■ Compact 20-pin dual-in-line package 

■ Bus port glitch free power up/down 


Logic and Connection Diagrams 



Dual-ln-Line Package 



Logic Table 


INPUTS 

RESULTING CONDITIONS 

Chip Disable 

Transmit/Receive 

A Port 

B Port 

0 

0 

OUT 

IN 

0 

1 

IN 

OUT 

1 

X 

TRI-STATE 

TRI-STATE 


X = Don't care 







National 

Semiconductor 


Memory Support Circuits 


DP7307/DP8307 8-Bit TRI-STATE® 
Bidirectional Transceiver (Inverting) 


Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface 
with bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, 
and CMOS 

■ 48 mA/300 pF bus drive capability 


■ Pinouts simplify system interconnections 

■ Independent T and R controls for versatility 

■ Compact 20-pin dual-in-line package 

■ Bus port glitch free power up/down 


Logic and Connection Diagrams 



Dual-ln-Line Package 



Logic Table 


1 CONTROL INPUTS | 

1 RESULTING CONDITIONS \ 

Transmit 

Receive 

A Port 

B Port 

1 

0 

OUT 

IN 

0 

1 

IN 

OUT 

1 

1 

TRI-STATE 

TRI-STATE 

0 

0 

1 Both Active* | 


This is not an intended logic condition and nriay cause oscillations. 
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DP7307/DP8307 







^ National 

Semiconductor 


Memory Support Circuits 


DP7308/DP8308 8-Bit TRi-STATE® 
Bidirectionai Transceiver (Non-Inverting) 


Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface 
with bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, 
and CMOS 

■ 48 mA/300 pF bus drive capability 


Pinouts simplify system interconnections 
Independent T and R controls for versatility 
Compact 20-pin dual-in-line package 
Bus port glitch free power up/down 


Logic and Connection Diagrams 


Dual-ln-Line Package 




Logic Table 


CONTROL INPUTS 

RESULTING CONDITIONS 

Transmit 

Receive 

A Port 

B Port 

1 

0 

OUT 

IN 

0 

1 

IN 

OUT 

1 

1 

TRI-STATE 

TRI-STATE 

0 

0 

Both Active* 


*This is not an intended logic condition and may cause oscillations. 
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National 

Semiconductor 


Memory Support Circuits 


DP8212, DP8212M 8-Bit Input/Output Port 


General Description 


Features 


The DP8212/DP8212M is an 8-bit input/output port 
contained in a standard 24-pin dual-in-line package. The 
device, which is fabricated using Schottky Bipolar tech- 
nology, is part of National Semiconductor's N8080 
microcomputer family. The DP821 2/DP821 2M can be 
used to implement latches, gated buffers, or multiplexers. 
Thus, all of the major peripheral'and input/output 
functions of a microcomputer system can be imple- 
mented with this device. 

The DP8212/DP8212M includes an 8-bit latch with 
TRI-STATE® output buffers, and device selection and 
control logic. Also included is a service request flip-flop 
for the generation and control of interrupts to the 
microprocessor. 


• 8-Bit Data Latch and Buffer 

• Service Request Flip-flop for Generation and Control 
of Interrupts 

• 0.25mA Input Load Current 

• TRI-STATE TTL Output Drive Capability 

• Outputs Sink 15mA 

• Asynchronous Latch Clear 

• 3.65V Output for Direct Interface to INS8080A 

• Reduces System Package Count by Replacing Buffers, 
Latches, and Multiplexers in Microcomputer Systems 


N8080A Microcomputer Family Block Diagram 
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DP8212, DP8212M 






DP8216, DP8216M,DP8226, DP8226M 


^National 
dii Semiconductor 


Memory Support Circuits 


DP8216, DP8216M,DP8226, DP8226M 4-Bit Bidirectionai 


Bus Transceivers 

General Description 

The DP8216/DP8216M and DP8226/DP8226M are 
4-bit bidirectional bus drivers for use in bus oriented 
applications. The non-inverting DP8216/DP8216M and 
inverting DP8226/DP8226M drivers are provided for 
flexibility in system design. 

Each buffered line of the four-bit driver consists of two 
separate buffers that are TRI-STATE® to achieve direct 
bus interface and bidirectional capability. On one side 
of the driver the output of one buffer and the input of 
another are tied together (DB); this side is used to inter- 
face to the system side components such as memories, 
I/O, etc., because its interface is TTL compatible and it 
has high drive (50 mA). On the other side of the driver 
the inputs and outputs are separated to provide maximum 
flexibility. Of course, they can be tied together so that 
the driver can be used to buffer a true bidirectional bus. 
The DO outputs on this side of the driver have a special 
high voltage output drive capability so that direct inter- 
face to the 8080 type CPUs is achieved with an adequate 
amount of noise immunity. 

The CS input is a device enable. When it is "high" the 
output drivers are all forced to their high-impedance 
state. When it is a "low" the device is enabled and the 
direction of the data flow is determined by the DIEN 
input. 


The DIEN input controls the direction of data flow, 
which is accomplished by forcing one of the pair of 
buffers into its high-impedance state and allowing the 
other to transmit its data. A simple two-gate circuit is 
used for this function. 


Features 

■ Data bus buffer driver for 8080 type CPUs 

■ Low input load current — 0.25 mA maximum 

■ High output drive capability for driving system data 
bus — 50 m A at 0.5 V 

■ Power up-down protection 

• DP8216/DP8216M have non-inverting outputs 

■ DP8226/DP8226M have inverting outputs 

■ Output high voltage compatible with direct interface 
to MOS 

• TRI-STATE outputs 

• Advanced Schottky processing 

■ Available in military and commercial temperature 
ranges 


Logic and Connection Diagrams 


DP8216/DP8216M 


DP8226/PD8226M 
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National 
Semiconductor 

DP8350 Series Programmable 

General Description 

The DP8350 Series of CRT Controllers are single-chip 
bipolar (I^L technology) circuits in a 40-pin package. 
They are designed to be dedicated CRT display refresh 
circuits. 

The CRT Controller (CRTC) provides an internal dot 
rate crystal controlled oscillator for ease of system 
design. For systems where a dot rate clock is already 
provided, an external clock input may be used by the 
CRTC. In either case system synchronization is made 
possible with the use of the buffered Dot Rate Clock 
Output. 

The DP8350 Series has 1 1 character generation related 
timing outputs. These outputs are compatible for 
systems with or without line buffers, using character 
ROMS, or DM8678-type latch/ROM/shift register 
circuits. 

12 bits (4k) of bidirectional TRI-STATE® character 
memory addresses are provided by the CRTC for direct 
interface to character memory. 

Thrfee on-chip registers provide for external loading of 
the row starting address, cursor address, and top-of-page 
address. 

A complete set of video outputs is available including 
cursor enable, programmable vertical blanking, program- 
mable horizontal sync, and programmable vertical sync. 

The DP8350 Series CRTC provides for a wide range of 
programmability using internal mask programmable 
ROMs: 

— Character Field (both number of dots/character and 
number of scan lines/character) 

— Characters per Row 

— Character Rows per Video Frame 


Memory Support Circuits 


CRT Controllers 

The CRTC also provides system sync and program inputs 
including 50/60 Hz control, system clear, external 
character/line rate clock, and character generator pro- 
gram. 

The DP8350 Series operates on a single +5V power 
supply. Outputs and inputs are TTL compatible. 

Features 

■ Internal crystal controlled dot rate oscillator 

■ External dot rate clock input 

■ Buffered dot rate clock output 

■ Timing pulses for character generation 

■ Character memory address outputs (12 bits) 

■ Internal cursor address register 

■ Internal row starting address register 

■ Top-of-page address register (for scrolling) 

■ Programmable horizontal and vertical sync outputs 

■ Programmable cursor enable output 

■ Programmable vertical blanking output 

■ 50/60 Hz refresh rate 

■ Programmable characters/row (5 to 110) 

■ Programmable character field size (up to 16 dots x 16 
scan line field size) 

■ Programmable character rows/frame (1 to 64) 

■ Single +5 V power supply 

■ Inputs and outputs TTL compatible 

■ Ease of system design/application 



DP8350 Series Connection Diagram 


NC*N0 CONNECTION 



VcC(*5V) 

GISTER 


TCH CHARACTER 
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DP8350 Series 







DS1628/DS3628 


Semiconductor 


Memory Support Circuits 


DS1628/DS3628 Octai TRi-STATE® MOS Driver 

General Description Features 


The DS1628/DS3628 are octal Schottky memory drivers 
with TRI-STATE® outputs designed to drive high 
capacitive loads associated with MOS memory systems. 
The drivers' output (Vqh) is specified at 3.4 V to 
provide additional noise immunity required by MOS 
inputs. A PNP input structure is employed to minimize 
input currents. The circuit employs Schottky-clamped 
transistors for high speed. A NOR gate ,of two inputs, 
DISl and DIS2, controls the TRI-STATE mode. 


High speed capabilities 

— typ 5 ns driving 50 pF & 8 ns driving 500 pF 
TRI-STATE outputs 

High Vqh (3.4 V min) 

High density 

— eight drivers and two disable controls for TRI- 
STATE in a 20-pin package 

PNP inputs reduce DC loading on bus lines 
Glitch-free power up/down 


Schematic and Connection Diagrams 


EQUIVALENT INPUT EQUIVALENT OUTPUT 



Dual-ln-Line Package 



(ONE INVERTER SHOWN ONLY) 


Truth Table 


Typical Application 


Disable Input 

Input 

Output 

DIS 1 

DIS 2 

H 

H 

X 

Z 

H 

X 

X 

z 

X 

H 

X 

z 

L 

L 

H 

L 

L 

L 

L 

H 


H = high level 
L = low level 
X = don't care 
Z = high impedance (off) 



1) MM5290 
1 16k DYNAMIC 
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National Memory Support Circuits 

mji Semiconductor 

DS1631/DS3631, DS1632/DS3632, DS1633/DS3633, 
DS1634/DS3634 CMOS Dual Peripheral Drivers 

General Description 


The DS1631 series of dual peripheral drivers was 
designed to be a universal set of interface components 
for CMOS circuits. 

Each circuit has CMOS compatible inputs with thresholds 
thattrack as a function of V^c (approximately 1/2 Vcc)- 
The inputs are PNPs providing the high impedance 
necessary for interfacing with CMOS. 

Outputs have high voltage capability, minimum break- 
down voltage is 56V at 250 /jA. 

The outputs are Darlington connected transistors. This 
allows high current operation (300 mA max) at low 
internal current levels since base drive for the 

output transistor is obtained from the load in propor- 
tion to the required loading conditions. This is essential 
in order to minimize loading on the CMOS logic supply. 

Typical Vcc ~ 5V power is 28 mW with both outputs 
ON. Vcc operating range is 4.5V to 15V. 

The circuit also features output transistor protection if 
the Vcc supply is lost by forcing the output into the 


high impedance OFF state with the same breakdown 
levels as when Vcc applied. 

Pin-outs are the same as the respective logic functions 
found in the following popular series of circuits: 
DS75451, DS75461, DS3611. This feature allows direct 
conversion of present systems to the MM74C CMOS 
family and DS1631 series circuits with great power 
savings. 

The DS1631 series is also TTL/DTL compatible at 
Vcc = 5V. 

Features 

■ CMOS compatible inputs 

■ TTL/DTL compatible inputs 

■ High impedance inputs PNP's 

■ High output voltage breakdown 56V min 

■ High output current capability 300 mA max 

■ Same pin-outs and logic functions as DS75451, 
DS75461 and DS3611 series circuits 

■ Low Vcc power dissipation (28 mW both outputs 
"ON" at 5V) 
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DS1631/DS3631, DS1632/DS3632, 
DS1633/DS3633, DS1634/DS3634 








DS1 644/DS3644 , DS1 674/DS3674 


National 
Semiconductor 
DS1644/DS3644, DS1674/DS3674 


Memory Support Circuits 


Quad TTL-MOS Clock Drivers 

General Description 

The DS1644/DS3644 and DS1674/DS3674 are quad 
bipolar-to-MOS clock drivers with TTL/DTL compatible 
inputs. They are designed to provide high output current 
and voltage capabilities necessary for optimum driving 
of high capacitance N-channel MOS memory systems. 

The device features two common enable inputs, a 
refresh input, and a clock control input for simplified 
system designs. The circuit was designed for driving 
highly capacitive , loads at high speeds and uses Schottky- 
clamped transistors. PNP transistors are used on all 
inputs thereby minimizing input loading. 

The circuit may be connected to provide a 12V clock 
output amplitude as required by 4k RAMs or a 5V clock 
output amplitude as required by 16k RAMs. 

The DS1644/DS3644 contains a 10O resistor in series 
with each output to dampen the transients caused by 
the fast-switching output, while the DS1674/DS3674 


has a direct, low impedance output for use with or 
without an external damping resistor. 

Features 

■ TTL/DTL compatible inputs 

■ 12V clock or 5V clock driver 

■ Operates from standard bipolar and MOS supplies 

■ PNP inputs minimize loading 

■ High voltage/current outputs 

■ Input and output clamping diodes 

■ Control logic optimized for use with MOS memory 
systems 

■ Pin and function compatible with MC3460 and 
3235 

■ Built-in damping resistors (DS1644/DS3644) 


Schematic and Connection Diagrams 


Vcci Vcci 



Dual-In-Line Package 
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National 


J2i Semiconductor 


Memory Support Circuits 


DS1 645/DS3645 , DS1 675/DS3675 

Hex TRI-STATE® TTL-MOS Latches/Drivers 


General Description 

The DS1645/DS3645 and DS1675/DS3675 are hex 
MOS latches/drivers with outputs designed to drive large 
capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are used to 
reduce input currents, allowing the large fan-out to 
these drivers needed in memory systems. The circuit 
has Schottky-clamped transistor logic for minimum 
propagation delay, and TRI-STATE® outputs which 
allow bus operation. 

The DS1645/DS3645 has a 15 resistor in series 
with the outputs to dampen transients caused by the 
fast switching output circuit. The DS1675/DS3675 
has a direct, low impedance output for use with or 
without an external resistor. 


The circuit employs a fall-through-latch which captures 
the data in parallel with the output, thereby eliminating 
the delay normally encountered in other latch circuits. 
The DS1645/DS3645 and DS1675/DS3675 may be 
used for input address lines or input/output data lines 
of a MOS memory system. 

Features 

■ TTL/DTL compatible inputs 

■ PNP inputs minimize loading 

■ Capacitance-driving outputs 

■ TRI-STATE outputs 

■ Built-in damping resistor (DS1645/DS3645) 


Logic and Connection Diagrams 




Truth Table 


INPUT 

ENABLE 

OUTPUT 

DISABLE 

DATA 

OUTPUT 

OPERATION 

1 

0 

1 

0 

Data Feed-Through 

1 

0 

0 

1 

Data Feed-Through 

0 

0 

X 

Q 

Latched to Data Present 
when Enable Went Low 

X 

1 

X 

Hi-Z 

High Impedance Output 


X = Don't care 

Hi-Z = TRI-STATE mode 
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DS1 645/DS3645 , DS1 675/DS3675 







DS1 647/DS3647, DS1 677/DS3677, DS1 61 47/DS361 47, DS1 61 77/DS361 77 




National 

Semiconductor 


Memory Support Circuits 


DS1647/DS3647,DS1677/DS3677, 
DS16147/DS36147, DS16177/DS36177 
Quad TRi-STATE® MOS Memory I/O Registers 

General Description 


The DS1647/DS3647 series are 4-bit I/O buffer registers 
intended for use in MOS memory systems. The circuits 
employ a fall-through latch for data storage. This method 
of latching captures the data in parallel with the output, 
thus eliminating the delays encountered in other designs. 
The circuits use Schottky-clamped transistor logic for 
minimum propagation delay and employ PNP input 
transistors-so that input currents are low, allowing large 
fan-out to these circuits needed in a memory system. 

Two pins per bit are provided, and data transfer is bi- 
directional so that the register can handle both input and 
output data. The direction of data flow is controlled 
through the input enables. The latch control, when 
taken low, will cause the register to hold the data present 
at that time and display it at the outputs. Data can be 
latched into the register independent of the output 
disables or EXPANSION input. Either or both of the 
outputs may be taken to the high-impedance state with 
the output disables. The EXPANSION pin disables both 
outputs to facilitate multiplexing with other I/O regis- 
ters on the same data lines. 

The "B" port outputs in the DS16147/DS36147 and 
DS16177/DS36177 are open collectors, and in the 


DS1647/DS3647 and DS1677/DS3677 they are TRI- 
STATE. The "B" port outputs are also designed for use 
in bus organized data transmission systems and can sink 
80 mA and source —5.2 mA. The "A" port outputs in 
all four types are TRI-STATE. 

Data going from port "A" to port "B" is inverted in the 
DS1647/DS3647 and DS16147/DS36147 and is not 
inverted inthe DS1677/DS3677 and DS16177/DS36177. 
Data going from port "B" to port "A" is inverted in 
all four types. 

Features 

■ PNP inputs minimize loading 

■ Fall-through latch design 

■ Propagation delay of only 15 ns 

■ TRI-STATE outputs 

■ EXPANSION control 

■ Bi-directional data flow 

■ TTL/DTL compatible 

■ Transmission line driver output 


Logic and Connection Diagrams 


zzzzmizi zzzzzz 
zzzzzzz zzzzzz D— ° 

ZZZZZZZ zzzzzz D— ° 84 


Dual-In-Line Package 


1 



Inverting DS1647/DS3647 and DS16147/DS36147 only 
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National Memory Support Circuits 

Semiconductor 
DS1 648/DS3648 , DS1 678/DS3678 
TRI-STATE® MOS Multiplexers/Drivers 

General Description 

The DS1648/DS3648 and DS1678/DS3678 are quad 
2-input multiplexers with TRI-STATE outputs designed 
to drive the large capacitive loads (up to 500 pF) 
associated with MOS memory systems. A PNP input 
structure is employed to minimize input currents so that 
driver loading in large memory systems is reduced. The 
circuit employs Schottky-clamped transistors for high 
speed and TRI-STATE outputs for bus operation. 


low impedance output for use with or without an 
external resistor. 

Features 

■ TRI-STATE outputs interface directly with system 
bus 

■ Schottky-clamped for better ac performance 

■ PNP inputs to minimize input loading 



The DS1648/DS3648 has a 15 resistor in series with 
the outputs to dampen transients caused by the fast- 
switching output. The DS1678/DS3678 has a direct. 


■ DTL and TTL compatible 

■ High-speed capacitive load drivers 

■ Built-in damping resistor (DS1648/DS3648 only) 


Logic and Connection Diagrams 



DuaMO'Line Package 



TOP VIEW 


Schematic Diagram 


EQUIVALENT INPUT EQUIVALENT OUTPUT 
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DS1648/DS3648, DS1678/DS3678 






DS1649/DS3649, DS1679/DS3679 


National Memory Support Circuits 

^ Semiconductor 
DS1649/DS3649,DS1679/DS3679 
Hex TRi-STATE® TTL-MOS Drivers 


General Description 

The DS1649/DS3649 and DS1679/DS3679 are Hex 
TRI-STATE MOS drivers with outputs designed to drive 
large capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed to 
reduce input currents allowing the large fan-out to these 
drivers needed in memory systems. The circuit has 
Schottky-clamped transistor logic for minimum propaga- 
tion delay, and TRI-STATE outputs for bus operation. 

The DS1649/DS3649 has a 15 H resistor in series with the 
outputs to dampen transients caused by the fast-switch- 


ing output. The DS1679/DS3679 has a direct low imped- 
ance output for use with or without an external resistor. 

Features 

■ High speed capabilities , 

• Typ 9 ns driving 50 pF 

• Typ 30 ns driving 500 pF 

■ TRI-STATE outputs for data bussing 

■ Built-in 15 damping resistor (DS1649/DS3649) 

■ Same pin-out as DM8096 and DM74366 


Truth Table 


EQUIVALENT OUTPUT ''CC 


DISABLE INPUT 



DIS 1 DIS 2 

INPUT 


0 0 

0 

1 

0 0 

1 

0 

0 1 

X 

Hi-Z 

1 0 

X 

Hi-Z 

1 1 

X 

HiZ 


X = Don't care 

Hi-Z = TRI-STATE mode 


L_ J 


DS1649/DS3649 only 

Connection Diagram 


Typical Application 


DuaMn*Line Package 

Vcc DIS2 INS OUTS INS OUTS IN4 OUTS 



DIS1 INI 0UT1 IN2 0UT2 INS OUTS GNO 



I I 
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Semiconductor 

DS3643, DS3673 Decoded Quad MOS Clock Drivers 

General Description 

The DS3643 and DS3673 are quad bipolar-to-MOS 
decoder/clock drivers with TTL/DTL compatible inputs. 

They are designed to provide high output current and 
voltage capabilities necessary for optimum driving of 
high capacitance N-channel MOS memory systems. 

The device features full decoding of input address lines 
from two inputs to one of four outputs. Also featured is 
the capability of expanding to three inputs to one of 
eight outp uts with the use of the Expansion and 
Expansion inputs. Also included are clock and refresh 
inputs. 

The circuit was designed for driving large capacitive 
loads at high speeds and uses Schottky-clamped transis- 
tors. PNP transistors are used on all inputs, thereby 
minimizing input loading. 

The DS3643 has a 10 damping resistor in series with 
each output to dampen transients caused by the fast 


switching output, while the DS3673 has a direct, low 
impedance output, for use with or without an external 
resistor. 


Features 

■ TTL/DTL compatible inputs 

■ Operates from standard bipolar and MOS supplies 

■ PNP inputs minimize input loading 

■ Full logic decoding for either two inputs to one of 
four outputs or three inputs to one of eight outputs 

■ High voltage/current outputs 

■ Input and output clamping diodes 

■ Control logic optimized for use with MOS memory 
systems 

■ Built-in damping resistors (DS3643) 



Logic and Connection Diagrams 


A1 



Dual ln-Line Package 

Vcci 0UT4 CLK RFSH EXPN 0UT3 Vcc3 



Truth Table 
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DS3643, DS3673 






























DS16149/DS36149, DS16179/DS36179 


National 

dUd Semiconductor 


Memory Support Circuits 


DS16149/DS36149,DS16179/DS36179 
Hex MOS Drivers 


General Description 

The DS16149/DS36149 and DS16179/DS36179 are 
Hex MOS drivers with outputs designed to drive large 
capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed to 
reduce input currents allowing the large fan-out to these 
drivers needed in memory systems. The circuit has 
Schottky-clamped transistor logic for minimum propaga- 
tion delay, and a disable control that places the outputs 
in the logic "1" state (see truth table). This is especially 
useful in MOS RAM applications where a set of address 
lines has to be in the logic "1" state during refresh. 

The DS1649/DS3649 has a 15 resistor in series with 
the outputs to dampen transients caused by the fast- 


switching output. The DS1679/DS3679 has a direct low 
impedance output for use with or without an external 
resistor. 

Features 

■ High speed capabilities 

• Typ 9 ns driving 50 pF 

• Typ 29 ns driving 500 pF 

■ TRI-STATE outputs for data bussing 

■ Built-in 15 damping resistor (DS16149/DS36149) 

■ Same pin-out as DM8096 and DM74366 


Schematic Diagram 


EQUIVALENT INPUT EQUIVALENT OUTPUT 



Connection Diagram 


Dual-ln-Line Package 

Vcc 0IS2 IN6 0UT6 INS OUTS IN4 0UT4 



TOP VIEW 


Truth Table 


DISABLE INPUT 

INPUT 

OUTPUT 

DIS 1 

DIS 2 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

X 

1 

1 

0 

X 

1 

1 

1 

X 

1 


X = Don't care 
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National 

Semiconductor 


Memory Support Circuits 


DS75322 Dual TTL-MOS Driver 
DS3622 Duai Faii-Safe TTL-MOS Driver 


General Description 

The DS75322 is a dual TTL-MOS high speed driver. 
The input structure of the device is TTL and DTL 
compatible. A common strobe input is provided for 
gating the outputs to the low state. The outputs provide 
high current and high voltage levels ideal for driving 
MOS circuits. The DS75322 specifically meets the 
requirements for driving N-channel RAMs where low 
power dissipation is desirable when the driver is in the 
low state. 

The DS3622 provides output fail-safe protection. 
Powering down Vcci activates the fail-safe circuit, 
forcing the outputs to the low state. The fail-safe feature 
eliminates output glitches that may occur in systems 
that power down Vcci. Functionally, the DS3622 and 
the DS75322 are identical. 

The DS75322, DS3622 require 2 external PNP transistors 
per package. 

The DS75322, DS3622 are characterized for operation 
from 0°C to +70°C. 


The DS75322 and the DS3622 are ideal for driving 
the UPD411D, MM5280 and the MIV15270 4k RAMs. 


Features 

■ Dual positive-logic and TTL-MOS driver 

■ TTL and DTL compatible inputs 

■ High voltage/current outputs 

■ Operates from standard bipolar and MOS supplies 

■ High speed switching 

■ Input and output clamping diodes 

■ Separate driver address inputs with common strobe 

■ Vqh Vql compatible with 4k RAMs and other 
popular MOS RAMs 

■ No current (leakage only) when outputs are in low 
state (DS75322) 

■ Outputs forced to low state with loss of Vcci 
(DS3622) 


Connection Diagram 


Dual-ln-Line Package 


Positive Logic Y = AE 
Recommended PNP Transistors 
2N5910, 2N5771 
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DS8T26A, DS8T26AM, DS8T28, DS8T28M 


Semiconductor 


Memory Support Circuits 


DS8T26A, DS8T26AM, DS8T28, DS8T28M 
4-Bit Bidirectional Bus Transceivers 

General Description Features 

The DS8T26A, DS8T28 consists of 4 pairs of TRI- ■ Inverting outputs in the DS8T26A 

STATE® logic elements configured as quad bus drivers/ ■ Non-inverting outputs in the DS8T28 

receivers along with separate buffered receiver enable n TRI-STATE outputs 
and driver enable lines. This single 1C quad transceiver . 

design distinguishes the DS8T26A, DS8T28 from " , Low current PNP inputs 

conventional multi-IC implementations. In addition, " Fast switching times (20 ns) 

the DS8T26A, DS8T28's ultra high speed while driving ■ Advanced Schottky processing 

heavy bus capacitance (300 pF) makes these devices ■ Driver glitch free power up/down 

particularly suitable for memory systems and bidirec- . Non-overlapping TRI-STATE 

tional data buses. 

Both the driver and receiver gates have TRI-STATE 
outputs and low current PNP inputs. PNP inputs reduce 
input loading to 200 /uA maximum. 


Logic and Connection Diagrams 
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National Memory Support Circuits 

Samiconductor advance information 

MM54C240/MM74C240 Inverting Outputs 
MM54C244/MM74C244 Non-Inverting Outputs 
Octal Buffers and Line Drivers with TRI-STATE® Outputs 

General Description 

These octal buffers and line drivers are monolithic com- 
plementary MOS (CMOS) integrated circuits with TRI- 
STATE® outputs. These outputs have been specially 
designed to drive highly capacitive loads such as bus- 
oriented systems. These devices have a fan-out of 6 low 
power Schottky loads. A high logic level on the output 
disable control input G makes the outputs go into the 
high impedance state. 


Features 

■ Wide supply voltage range — 3V to 15V 

■ High noise immunity — 0.45 Vcc tyP 

■ Low power consumption 

■ High capacitive load 

• TRI-STATE® outputs 

■ Input protection 

■ TTL compatibility 

■ 20-pin dual-in-line package 



Connection Diagrams 


(TOP VIEW) 


Vcc 2G lYt 2A4 1Y2 2A3 1Y3 2A2 1Y4 2A1 



MM74C240 


, (TOP VIEW) 

Vcc 2G lYl 2A4 1Y2 2A3 1Y3 2A2 1Y4 2A1 



MM54C240/MM74C240,MM54C244/MM74C244 





MM54C373/MM74C373 , MM54C374yMM74C374 



National 

Semiconductor 


Memory Support Circuits 


MM54C373/MM74C373 TRI-STATE® Octai D-Type Latch 
MM54C374/MM74C374TRi-STATE® Octai D-Type Fiip-Fiop 


General Description 

The MM54C373/IVIIV174C373, IVIM54C374/MIVI74C374 
are integrated, complementary MOS (CMOS), 8-bit 
storage elements with TRI-STATE® outputs. These 
outputs have been specially designed to drive highly 
capacitive loads, such as one might find when driving 
a bus, and to have a fan-out of 1 when driving standard 
TTL. When a high logic level is applied to the OUTPUT 
DISABLE input, all outputs go to a high impedance 
state, regardless of what signals are present at the other 
inputs and the state of the storage elements. 


The MM54C373/M M74C373 is an 8-bit latch. When 
LATCH ENABL E is high the O o utputs will follow the 
D inputs. When LATCH ENABLE goes low, data at the 
D inputs, which meets the set-up and hold time require- 
ments, w ill be retained at the outputs until LATCH 
ENABLE returns high again. 


The MM54C374/MM74C374 is an 8-bit, D-type, positive- 
edge triggered flip-flop. Data at the D inputs, meeting 


the set-up and hold time requirements, is transferred to 
the Q outputs on positive-going transitions of the 
CLOCK input. 

Both the MM54C373/MM74C373 and the MM54C374/ 
MM74C374 are being assembled in 20-pin dual-in-line 
packages with 0.300" pin centers. 

Features 

■ Wide supply voltage range 

■ High noise immunity 

■ Low power consumption 

■ TTL compatibility 

■ Bus driving capability 

■ TRI-STATE outputs 

■ Eight storage elements in one package 

■ Single CLOCK/LATCH ENABLE and OUTPUT 
DISABLE control inputs 

■ 20-pin dual-in-line package with 0.300" centers takes 
half the board space of a 24-pin package 


3.0V to 15V 
0.45 Vcc typ 

fan-out of 1 driving 
standard TTL 


Connection Diagrams 


MM54C373/MM74C373 
Dual-In-Line Package 



MM54C374/MM74C374 
Dual-ln-Line Package 
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Physical Dimensions 

^ Semiconductor 



PACKAGES 

Dual-ln-Line Packages 

(N) Devices ordered with “N” suffix are supplied in molded dual-in-line package. Molding material is EPOXY B2, a highly 
reliable compound suitable for military as well as commercial temperature range applications. Lead material is Alloy 42 
with a hot solder dipped surface to allow for ease of solderability. 

(J) Devices ordered with the “J” suffix are supplied in a ceramic dual-in-line package. The body and lid of the package are 
made of ceramic. Hermeticity is accomplished through a high temperature sealing glass. Lead material is tin-plated 
kovar. 

(D) Devices ordered with the “D” suffix are supplied in glass/metal dual-in-line package. The top and bottom of the package 
are gold-plated kovar. The side walls are glass, through which the leads extend forming a hermetic seal. The kovar leads 
may be either gold or tin-plated. 

(Q) Devices ordered with the "Q” suffix are supplied in a glass/metal dual-in-line package with a round quartz window. 


Note: Alldimensionsexpressedas — 

(millimeters) 


Physical Dimensions 









Physical Dimensions 



REF 


NS Package D24C 
24-Lead Hermetic DIP (D) 


0.025 

(0.635) 

RAD 


0.785 


iximimIralSImimiDi 




IDlBBOMaiDiaiPlOl— 


0.310 

17.074) 

MAX GLASS 



NS Package J16A 
16-Lead Cavity DIP (J) 



NS Package J18A 
18-Lead Cavity DIP (J) 
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Physical Dimensions 









Physical Dimensions 





n.i25 

13.1751 


NS Package J24CQ 
24-Lead UV Window Cavity DIP (J) 




NS Package J28A 
28-Lead Hermetic DIP (J) 


0.B70 



NS Package N16A 
16-Lead Molded DIP (N) 
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Physical Dimensions 









Physical Dimensions 
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